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ANTITUMOR EFFECT OF MUTANT BIK 

[0001] This application claims priority to U.S. Provisional Patent Application No. 60/459,901, 
filed April 2, 2003, which is incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to the fields of cell biology, molecular biology, cancer 
biology, and medicine. More particularly, the present invention regards variant forms of Bik 
comprising anti-cell proliferative and/or pro-apoptotic activities that are useful for cancer 
therapy. 

BACKGROUND OF THE INVENTION 

[0003] Bik, also known as nbk, is one of the pro-apoptotic BH3-only proteins, which have only 
one of the Bcl-2 homology regions, BH3 domains, and have recently been recognized as 
essential initiators of apoptosis (Han et al., 1996; Boyd et al., 1995). Loss of informative alleles 
on chromosome 22q where the Bik gene is located may be related to the development of human 
breast and colorectal cancers (Daniel et al., 1999). The 18-kDa Bik protein interacts with E1B 
19K and forms heterodimers with various anti-apoptotic proteins, e.g. Bcl-2 and Bcl-XL, the 
association of which hinders the function of the anti-apoptotic protein (Han et al., 1996). Bik- 
mediated apoptosis requires BAX (Theodorakis et al., 2002) and is independent of p53 (Han et 
al., 1996). Bik is also a downstream apoptotic effector of p53 (Bartke et al., 2001) in response to 
a physiological p53-mediated death stimulus provided by E1A. Elevated Bcl-2 functioned 
downstream of p53 and Bik induction to inhibit the El A death pathway, with the ratio of anti- 
apoptotic Bcl-2 and pro-apoptotic Bik determining cell death or survival in El A-expressing cells 
(Mathai et al., 2002). Moreover, Bik can sensitize tumor cells to certain chemotherapeutic agents 
(Daniel et al., 1999) and one of the chemotherapy drugs, doxorubicin, that induces apoptosis is 
mediated by Bik gene (Panaretakis et al., 2002). All of these suggest that Bik is a useful 
therapeutic gene to target human cancer. 

[0004] BH3-only proteins differ in their expression pattern and mode of activation, and many 
BH3-only proteins activation needs posttranslational modification (Puthalakath and Strasser, 
2002). Bik is one of the BH3-only proteins whose activity can be regulated by phosphorylation 
(Verma et al., 2000). Verma et al. demonstrated that Bik exists as a phosphoprotein and is 
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phosphorylated at residues threonine 33 and serine 35, which they determined is required for the 
full apoptotic activity of Bik, possibly by a casein kinase II-related enzyme. That is, Verma et al. 
mutated the phosphorylation sites at the threonine and serine residues to alanine residues, which 
reduced the apoptotic activity of Bik. They concluded phosphorylation is required for the pro- 
apoptotic potency of Bik by a presently unknown mechanism without significantly affecting its 
affinity for Bcl-2. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention provides novel therapeutic Bik mutant compositions and 
methods, particularly for cancer, and a skilled artisan recognizes that any additional means in an 
arsenal to fight cancer is beneficial to public health. 

[0006] The present invention is directed to a system and method related to mutants of Bik, and 
particularly to their anti-tumor effects. Bik is a proapoptotic member of the Bcl-2 family of 
proteins. In the present invention, the inventors demonstrate the novel finding that non-wildtype 
forms of Bik, such as mutant forms, exerted strong antitumor activity in both in vivo and in vitro 
systems. In contrast to the teachings of Verma et al. (2000), the exemplary mutant Bik 
polypeptides described herein similarly abolish phosphorylation sites in Bik yet still comprise 
potent anti-tumor, anti-cell proliferation, and/or pro-apoptotic activity and, in some 
embodiments, are more potent than wild-type Bik. That is, the Examples presented herein 
indicate that the transfection with a polynucleotide encoding a mutant bik polypeptide induces 
apoptosis in various human cancers. This provides compositions, such as therapeutics, and 
methods of using same for the present invention, such as the mutant bik polynucleotide in gene 
therapy for cancer, such as ovarian, breast, pancreatic, and prostate cancer. 

[0007] Thus, the present invention generally relates to methods for inhibiting proliferation in a 
cancer cell and/or tumor cell, the method comprising contacting the cell with a mutant Bik 
polypeptide in an amount effective to inhibit proliferation. The mutant Bik polypeptide referred 
to herein is a mutant form having anti-cell proliferative, pro-apoptotic, and/or anti-tumor activity. 
Inhibition of proliferation may be indicated by, for example, an induction of apoptosis of a cell, 
such as, for example, in cell culture, inhibition of growth of a cancer cell line, reduction in size 
of a tumor, and/or an increase in survivability, in exemplary embodiments. More preferably, in 
some embodiments the cell in which proliferation is to be inhibited is a cell in a living organism, 
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for example a human. The inhibition of such transformation has great utility in the prevention 
and/or treatment of such transformation-driven events as cancer, tumorigenesis, and/or 
metastasis. 

[0008] A mutant Bik polypeptide may be contacted with or introduced to a cell through any of 
a variety of manners known to those of skill. The mutant Bik polypeptide may be introduced 
through direct introduction of a mutant Bik polypeptide to a cell. In this case, the mutant Bik 
polypeptide may be obtained through any method known in the art, although it is expected that in 
vitro production of the mutant Bik polypeptide in a cell, for example in a cell culture system, 
may be a preferred manner of obtaining mutant Bik. 

[0009] Mutant Bik may also be introduced to a cell via the introduction of a polynucleotide 
that encodes the mutant Bik polypeptide to the cell. For example, RNA or DNA encoding Bik 
may be introduced to the cell by any manner known in the art. In certain preferred embodiments, 
the mutant Bik is introduced into the cell through the introduction of a DNA segment that 
encodes mutant Bik. In some such embodiments, it is envisioned that the DNA segment further 
comprises the mutant Bik gene (or mutant Bik polynucleotide) operatively linked to its 
associated control sequences. For example, the bik gene may be operatively linked to a suitable 
promoter and a suitable terminator sequence. The construction of such gene/control sequence 
DNA constructs is well-known within the art. In particular embodiments, the promoter is 
selected from the group comprising of CMV, telomerase, TCF-4, or VEGF. However, in 
particular embodiments, the constructs comprise promoters that are tissue-specific, such as, for 
example, tissue-specific for cancers including the exemplary breast, prostate, or pancreatic 
cancers. 

[0010] In certain embodiments for introduction, the DNA segment may be located on a vector, 
for example, a plasmid vector or a viral vector. The virus vector may be, for example, selected 
from the group comprising retrovirus, adenovirus, herpesvirus, vaccina virus, and adeno- 
associated virus. Such a DNA segment may be used in a variety of methods related to the 
invention. The vector may be used to deliver a mutant bik gene to a cell in one of the gene- 
therapy embodiments of the invention. Also, such vectors can be used to transform cultured 
cells, and such cultured cells could be used, inter alia, for the expression of mutant Bik in vitro. 



25394503.1 



4 



ER 509324339US 



Docket No.: AH-UTSC:791US 

[0011] The present invention is useful for all types of cancer, since mutant Bik, as shown 
herein in exemplary embodiments, kills cancer cells regardless of their survival tactics adopted 
by many cancer cells, such as growth factor receptor and AKT pathways. In a particular 
embodiment, mutant Bik is effective on solid tumors, such as, for example, sarcoma, lung, brain, 
prostate, breast, ovarian, pancreatic, liver, bladder, gastrointestinal cancers, and hematologic 
malignancies, such as leukemia, lymphoma, and myeloma. In exemplary embodiments, the 
present invention is useful for cancers that are estrogen receptor positive, EGF receptor 
overexpressing, Her2/neu-overexpressing, Her-2/neu-nonoverexpressing, Akt overexpressing, 
androgen dependent, or angrogen independent. That is, mutant Bik is effective on cancer cells 
regardless of their status of oncogene overexpression, such as Her-2/neu, EGFR, AKT, or 
whether their growth is hormone dependent (such as, for example, MCF-7) or not (such as, for 
example, PC3). 

[0012] For example, contained herein are specific data showing effectiveness of mutant Bik 
against cell lines tested from at least six exemplary types of cancers or angiogenic cells, 
including: 1) breast cancer, such as with MCF-7 (estrogen receptor positive), MDA-MB-468 
(EGF receptor overexpressing), and MDA-MB-23 1 ; 2) endothelial cell, such as with Human 
Umbilical Vascular Endothelial Cells (HUVEC) (which shows the anti-angiogenesis effect of 
mutant Bik; 3) Head and Neck Cancer, such as with TU138 and TU167; 4) Melanoma, such as 
with B16F10; 5) Ovarian cancer, such as with SKOV-ipl (Her-2/neu overexpression), SKOV 
(no Her-2/neu overexpression), and 2774 (Akt overexpression); and 6) Prostate Cancer, such as 
with PC3 (androgen independent growth). 

[0013] In particular embodiments, mutant Bik is introduced into a cell that is a human cell. In 
many embodiments the cell is a tumor cell. In some presently preferred embodiments the tumor 
cell is a breast tumor cell, a prostrate tumor cell, an ovarian tumor cell, or a pancreatic tumor 
cell. However, mutant Bik may be introduced into other cells including, but not limited to, a 
bladder cancer cell, a testicular cancer cell, a colon cancer cell, a skin cancer cell, a lung cancer 
cell, a stomach cancer cell, an esophageal cancer cell, a brain cancer cell, a leukemia cancer cell, 
a liver cancer cell, an endometrial cancer cell, or a head and neck cancer cell. In some 
embodiments, the mutant Bik composition is introduced by injection. In particular 
embodiments, the mutant Bik composition is comprised in a liposome. 
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[0014] In some embodiments of the present invention, the inventors 5 discovery that Bik 
mutants are able to inhibit proliferation will be used in combination with other anti- 
transformation/anti-cancer therapies. These other therapies may be known at the time of this 
application, or may become apparent after the date of this application. Bik mutants may be used 
in combination with other therapeutic polypeptides, polynucleotides encoding other therapeutic 
polypeptides, chemotherapeutic agents, surgical mehotds, or radiation, for example. For 
example, mutant Bik may be used in conjunction with other known polypeptides, such as TNFct 
or p53. Other polypeptide inducers of apoptosis that may be used in combination with Bik 
include, but are not limited to, p53, Bax, Bak, Bcl-x, Bad, Bim, Bok, Bid, Harakiri, Ad E1B, Bad 
and ICE-CED3 proteases. 

[0015] Mutant Bik may be used in conjunction with any suitable chemotherapeutic agent. In 
one representative embodiment, the chemotherapeutic agent is taxol. Mutant Bik also may be 
used in conjunction with radiotherapy. The type of ionizing radiation constituting the 
radiotherapy may be selected from the group comprising x-rays, y-rays, and microwaves. In 
certain embodiments, the ionizing radiation may be delivered by external beam irradiation or by 
administration of a radionuclide. Mutant Bik also may be used with other gene-therapy regimes. 
In particular embodiments the mutant Bik is introduced into a tumor. The tumor may be in an 
animal, in particular, a human. 

[0016] The Bik mutant gene products and polynucleotides of the present invention may also be 
introduced using any suitable method. A "suitable method" of introduction is one that places a 
mutant bik gene product in a position to reduce the proliferation of a tumor cell. For example, 
injection, oral, and inhalation methods may be employed, with the skilled artisan being able to 
determine an appropriate method of introduction for a given circumstance. In the embodiments 
where injection will be used, this injection may be intravenous, intraperitoneal, intramuscular, 
subcutaneous, intratumoral, intrapleural, or of any other appropriate form. 

[0017] In certain other aspects of the present invention there are provided therapeutic kits 
comprising in a suitable container a pharmaceutical formulation of a mutant Bik gene product or 
a polynucleotide encoding a mutant Bik gene product. Such a kit may further comprise a 
pharmaceutical formulation of a therapeutic polypeptide, polynucleotide encoding a therapeutic 
polypeptide, and/or chemotherapeutic agent. 
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[0018] The term "mutant Bik" as used herein refers to a Bik polynucleotide or polypeptide 
from any organism that comprises such, so long as the mutant Bik comprises anti-tumor activity, 
anti-cell proliferation activity, and/or pro-apoptotic activity, wherein the mutant Bik comprises at 
least one altered amino acid compared to native Bik, or the corresponding polynucleotide 
encoding same. The alteration may comprise a modified amino acid, such as one comprising an 
additional acetyl group, for example, or the alteration may comprise at least one substituted 
amino acid on at least one particular amino acid position. In particular embodiments, the mutant 
Bik will comprise at least one alteration for at least one amino acid, yet retain anti-cell 
proliferation activity, anti-tumor activity, pro-apoptotic activity, and/or a combination thereof 
that is useful for the purposes described herein. In some cases, the mutant Bik will exhibit better 
anti-cell proliferation activity, anti-tumor activity, pro-apoptotic activity, and/or a combination 
thereof than native Bik. In other circumstances, the mutant Bik may have similar anti-cell 
proliferation activity, anti-tumor activity, pro-apoptotic activity, and/or a combination thereof to 
native Bik. In other cases, the mutant Bik may have reduced anti-cell proliferation activity, anti- 
tumor activity, pro-apoptotic activity, and/or a combination thereof relative to native Bik. Of 
course, most mutants that comprise one or more relevant activities that are substantially less than 
the same one or more relevant activities in native Bik or other mutant Biks will likely not be 
useful in all embodiments of the invention. However, those of skill in the art will, in view of the 
teachings of the specification and the knowledge of skill in the art, be able to select such mutants 
that will have utility in certain specific embodiments of the invention. 

[00191 The anti-tumor activity, anti-cell proliferation activity, and/or pro-apoptotic activity 
may be useful for an organism other than the one from which the mutant Bik is derived. For 
example, the human Bik is utilized herein in exemplary embodiments, although a murine Bik 
may be used alternatively or in addition for human treatment. The mutant Bik from any 
organism may be altered at any amino acid. Furthermore, the human Bik may be mutated at a 
particular residue(s) and found useful for therapy, and the mutant murine Bik with its analogous 
residue(s) substitution may also be effective. In a particular embodiment, the murine Bik 
polypeptide comprises at least one altered phosphorylation site, and based on the teachings 
provided herein related to human Bik, one of skill would know how to generate analogous 
changes in murine Bik. In a further particular embodiment, serine 27, threonine 29, serine 31, 
and/or a combination thereof are substituted in mutant murine Bik. 
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[0020] Of course, Bik may be mutated for any number of reasons, and one of skill in the art is 
aware that there may be desirable mutations generated in the Bik polypeptide or a nucleic acid 
encoding same that are for purposes other than removing phosphorylation sites and/or for 
effecting or retaining anti-tumor activity, anti-cell proliferation activity, and/or pro-apoptotic 
activity. For example, mutations may be made to render the Bik polynucleotide and/or 
polypeptide more amenable for a therapeutic purpose. For example, modifications may be made 
that reduce antigenicity of the polypeptide, that remove regions of the polypeptide, that enhance 
nuclear localization of the polypeptide, that increase the half-life of the polypeptide, and so forth. 

[00211 At least one assay for determining effectiveness of a particular mutant in comparison to 
wild type is described herein at least in the Examples, and others in the art may be utilized. In 
particular embodiments, mutants that comprise at least one activity that is substantially less than 
native Bik are not desirable and are not in the scope of the present invention. 

[0022] Specifically, the present invention is directed to methods and compositions regarding 
particular mutant forms of Bik that are associated with control of cell growth, survival or 
proliferation. In specific embodiments, the control of cell growth is useful in the treatment of 
cancer or restenosis. Specifically, the present invention teaches a skilled artisan that mutant Bik 
polypeptides that have one or more amino acid substitutions that result in the polypeptide either 
not being phosphorylated or being phosphorylated at a lower level are useful for anti-tumor 
applications. In specific embodiments, the inventors have shown that mutant Bik can reduce or 
abolish phosphorylation and lead to suppression of growth of transformed cells treated with such 
mutant Bik. In particular embodiments, substitution with Asp or Glu, for example, results in 
failure of the polypeptide to be phosphorylated at those sites and leads to suppression of growth 
of transformed cells upon treatment with such Bik mutants. Of course, the invention is not 
limited to embodiments in which the amino acid substitution is either Asp or Glu. Rather, any 
amino acid substitution that prevents phosphorylation of Bik by any amino acid is contemplated 
within the scope of the invention. In a specific embodiment, the amino acid for substitution at 
Thr33 and/or Ser35 is not alanine. In another specific embodiment, the at least one amino acid 
substitution has at least one acidic property, such as, for example, the amino acids aspartate or 
glutamate. Therefore, an object of the present invention is directed to at least one modification 
in Bik polypeptide that results in failure of the polypeptide to be phosphorylated, and preferably 
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for that resultant Bik mutant to comprise anti-cell proliferation capability, anti-tumor capability, 
pro-apoptotic capability, or a combination thereof. 

[0023] One of skill in the art recognizes that mutations, either to similar amino acids or not, 
may be made elsewhere in Bik, and that some of these mutants will have the same activities as 
the exemplary embodiments provided herein. For example, threonine, serine, or other 
appropriate amino acids anywhere within Bik can be substituted, such as with the exemplary 
aspartate or glutamate. A skilled artisan is aware of publicly available databases that provide Bik 
sequences for making alterations different from native Bik, such as the National Center for 
Biotechnology Information's GenBank database or commercially available databases such as 
from Celera Genomics, Inc. (Rockville, MD). Exemplary polypeptide Bik sequences include (as 
identified by their GenBank Accession numbers): SEQ ID NO:3 (AAC50413; NP 001188; 
AAF01156; AAC79124; CAA62013; and S58214); and SEQ ID NO:4 (AAC40079 and 
NP_031572). Exemplary polynucleotide Bik sequences include (as identified by their GenBank 
Accession numbers): SEQ ID NO:5 (AY245248) and SEQ ID NO:6 (NM_001 197). 

[0024] Thus, the present invention provides guidance regarding different mutations in Bik, and, 
therefore, the present invention is directed to a novel improvement to the overall arts of cell 
growth control, including inhibition of cell proliferation and/or facilitation of cell death. In a 
specific embodiment, the inhibition of a cell proliferation comprises a delay in its rate of 
proliferation, a delay in its total cell numbers of proliferation, or both. 

[0025] A skilled artisan recognizes that any site in the Bik polypeptide may be modified to 
generate such compositions as described, and furthermore that multiple sites may be modified. 
A skilled artisan is cognizant that a limited number of sites for modification exist in the 
approximately 160 amino acid Bik polypeptide (depending on the organism). In addition, a 
skilled artisan recognizes that there are only twenty standard amino acids from which to modify 
to, and guidance is provided herein directed to methods to generate those modifications. 
Furthermore, a skilled artisan in the teachings of the present invention knows how to test for 
anti-tumor, anti-cell growth, and/or pro apoptotic effects, based on the teachings provided herein 
and other methods in the art, and therefore assaying a particular modification would not subject 
one skilled in the art to undue experimentation. 
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[0026] Thus, based on the guidance provided herein, the present invention is directed to mutant 
polypeptides of Bik that result in inhibition of proliferation of a cell or enhancement of cell 
survival. In specific embodiments, the present invention is directed to mutants including, for 
example, Bik T33D, S35D, and double mutant T33DS35D. 

[0027] In accordance with the objects of the present invention, there is as a composition of 
matter a mutant Bik polypeptide. For example, the composition comprises an amino acid 
substitution. In a specific embodiment, the substitution prevents phosphorylation of the Bik 
polypeptide under conditions that would result in phosphorylation of an unsubstituted Bik 
polypeptide. In other specific embodiments, the substitution is a Thr33 to Asp33 substitution or 
a Ser35 to Asp35 substitution, or both. In other specific embodiments, the compositions are 
further defined as compositions in a pharmacologically acceptable excipient in which the Bik 
polypeptide is dispersed. In additional specific embodiments, the compositions are confined in a 
suitable container in a kit. 

[0028] In an additional object of the present invention, there is a method of preventing growth 
of a cell in an individual comprising the step of administering to the individual a mutant Bik 
polypeptide. In another specific embodiment, the administration of the polypeptide is by a 
liposome. In an additional specific embodiment, the polypeptide further comprises a protein 
transduction domain, such as HIV Tat or penetratin, for example. 

[0029] In another object of the present invention, there is a method of preventing growth of a 
cell in an individual comprising the step of administering to the individual a nucleic acid 
encoding a mutant Bik polypeptide. In another specific embodiment, the administration of the 
nucleic acid is by a vector selected from the group consisting of a plasmid, a retroviral vector, an 
adenoviral vector, an adeno-associated viral vector, a liposome, and a combination thereof. 

[0030] In an additional object of the present invention, there is a method of using a mutant Bik 
polypeptide composition wherein the Bik polypeptide composition is dispersed in a 
pharmacologically acceptable excipient, and wherein the composition is administered to an 
animal having a proliferative cell disorder. 

[0031] In another object of the present invention, there is a method of treating a proliferative 
cell disorder in an individual comprising the step of administering to the individual a mutant Bik 
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polypeptide. In another specific embodiment, the proliferative cell disorder is cancer. In a 
further specific embodiment, the proliferative cell disorder is restenosis. In a further specific 
embodiment, the cancer is breast cancer, prostate cancer, ovarian cancer, or pancreatic cancer. 

[0032] In an additional object of the present invention, there is a method of treating a cell 
comprising contacting the cell with a mutant Bik polypeptide. In a specific embodiment, the cell 
is a human cell. In another specific embodiment, the cell is comprised in an animal. In a further 
specific embodiment, the animal is a human. In a further specific embodiment, the human has a 
proliferative cell disorder. In an additional specific embodiment, the proliferative cell disorder is 
cancer. In a further specific embodiment, the cancer is breast cancer, ovarian cancer, or prostate 
cancer. In another specific embodiment, the proliferative cell disorder is restenosis. 

[0033] In a further object of the invention, a polynucleotide encoding a mutant Bik polypeptide 
is regulated by a tissue-specific promoter, such as one that targets cancerous tissue. Although 
any promoter that targets cancerous tissue preferentially over non-cancerous tissue, in a specific 
embodiment the cancer-specific promoter is a breast cancer specific promoter, a prostate cancer- 
specific promoter, a or pancreatic-specific promoter, for example. 

[0034] In a particular embodiment, a breast cancer-specific promoter comprises a breast 
cancer-specific sequence and, in further embodiments, an enhancer sequence that augments 
expression, such as the expression level, of the tissue-specific sequence. In a particular 
embodiment, a CMV promoter enhancer sequence is linked with a breast cancer-specific 
segment from the exemplary topoisomerase Ila (topoIID) promoter or the exemplary transferrin 
receptor promoter. They are useful for gene targeting to target and treat primary and metastatic 
breast cancers with less toxicity to normal tissues. 

[0035] In another embodiment, the expression of a polynucleotide encoding a mutant Bik 
polypeptide is regulated by a pancreatic-cancer specific promoter. In a particular embodiment, a 
novel pancreatic cancer specific promoter is utilized, such as one referred to herein as CTP, 
which is comprised of at least the minimal Cholecystokinin A receptor (CCKAR, -726 to +1 
nucleotides), a two-step transcriptional system sequence and the post translational regulatory 
element of the woodchuck hepatitis virus (WPRE). This engineered construct has a strong 
promoter activity and demonstates specificity to pancreatic cancer cells in vitro and in vivo for 
the expression of mutant Bik. 
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[0036] In another specific embodiment of the present invention, a prostate cancer-specific 
promoter regulates expression of a polynucleotide that encodes a mutant Bik polypeptide. In a 
particular embodiment, the invention utilizes a novel prostate cancer specific promoter, such as 
one referred to herein as ATTP, comprised of at least the minimal human telomerase reverse 
transcriptase promoter (hTert), the post translational regulatory element of the woodchuck 
hepatitis virus (WPRE), and an ARR2 control sequence, which is responsive to androgen 
stimulation. This engineered construct has a strong promoter activity and demonstrates 
specificity to both androgen-dependent and androgen-independent prostate cancer cells in vitro. 
This promoter can be used to specifically drive gene expression of mutant Bik in prostate cancer 
in vivo. 

[0037] The foregoing has outlined rather broadly the features and technical advantages of the 
present invention in order that the detailed description of the invention that follows may be better 
understood. Additional features and advantages of the invention will be described hereinafter 
which form the subject of the claims of the invention. It should be appreciated by those skilled 
in the art that the conception and specific embodiment disclosed may be readily utilized as a 
basis for modifying or designing other structures for carrying out the same purposes of the 
present invention. It should also be realized by those skilled in the art that such equivalent 
constructions do not depart from the spirit and scope of the invention as set forth in the appended 
claims. The novel features which are believed to be characteristic of the invention, both as to its 
organization and method of operation, together with further objects and advantages will be better 
understood from the following description when considered in connection with the 
accompanying figures. It is to be expressly understood, however, that each of the figures is 
provided for the purpose of illustration and description only and is not intended as a definition of 
the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] For a more complete understanding of the present invention, reference is now made to 
the following descriptions taken in conjunction with the accompanying drawings. 

[0039] FIGS. 1A through IF illustrate that the expression of Bik mutants exhibited stronger 
growth inhibitory effect in different human cancer cell lines. 
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[0040] FIG. 2 shows that the Bik mutants exhibited stronger cell-killing effect in different 
human cancer cell lines. 

[0041] FIG. 3 illustrates that the Bik mutants exhibit strong cell-killing in additional human 
cancer cell lines. 

[0042] FIGS. 4 A through 4B illustrate that the Bik mutants exhibited stronger tumor 
suppression effect in ex vivo assay. 

[0043] FIGS. 5 A through 5B demonstrate that the mutant Bik gene delivered by SN 
significantly inhibited growth of human tumors in mice. 

[0044] FIGS. 6 A and 6B show that an exemplary Bik mutant (BikDD) polynucleotide 
demonstrated a significant suppression of tumor growth and an increase in survival in a breast 
cancer orthotopic model. In FIG. 6A, tumor volume was measured and recorded weekly. FIG. 
6B shows that BikDD increased the survival rate of mice bearing MDA-MB-231 orthotopic 
tumors. 

[0045] FIGS. 7 A and 7B show that the Bik mutant (BikDD) gene demonstrated a significant 
suppression of tumor growth and an increase in survival in a breast cancer orthotopic model. 
FIG. 7A shows tumor volume that was measured and recorded weekly. FIG. 2B shows that 
BikDD increased the survival rate of mice bearing MDA-MB-23 1 orthotopic tumors. 

[0046] FIG. 8 shows that treatment with the Bik mutant (BikDD) gene increases the survival of 
mice in a ovarian cancer orthotopic model. 

[0047] FIG. 9 demonstrates that treatment with the Bik mutant (BikDD) gene increases the 
survival of mice in a pancreatic cancer orthotopic model. 

[0048] FIG. 10 shows in vitro killing assay of CT90BikDD and CMV-BikDD in different cell 
lines. The Y-axis value indicates the percentage of vital cells after treatment. 

[0049] FIG. 1 1 shows in vivo anti-tumor effect of CT90-BikDD gene therapy. Breast cancer 
cell line MDA-MB-231 was inoculated 2.5x106 per mouse and mice were treated once per week 
by liposome-complexed CTO-BikDD, CMV-BikDD, empty vector pGL3, and dextrose buffer 
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D5W as no-treatment control. Tumor size (Y-axis value) was measured twice per week during 
treatment and showed in the figure. The X-axis indicates the treatment dates. 

[0050] FIGS. 12A-12E show therapeutic effects of CT90-BikDD breast cancer targeting gene 
therapy in an exemplary orthotopic mouse model. FIG. 12A demonstrates that liposome- 
complexed CT90-BikDD targets breast cancer cells in orthotopic mouse model. In FIGS. 12B 
and 12D, tumor size record during gene therapy treatment is demonstrated wherei the mice were 
treated once a week (QW, FIG. 12B) or twice a week (BIW, FIG. 12D). 

[0051] FIG. 13 illustrates gene therapy of Bik-DD in MDA-MB-468 xenograft mice. 

DETAILED DESCRIPTION OF THE INVENTION 

[0052] As used herein the specification, "a" or "an" may mean one or more. As used herein in 
the claim(s), when used in conjunction with the word "comprising", the words "a" or "an" may 
mean one or more than one. As used herein "another" may mean at least a second or more. 

[0053] The present invention regards mutant Bik polypeptides and the nucleic acids that 
encode them, as well as methods regarding the use of mutant Bik. Thus, in exemplary 
embodiments, the present inventors changed the residues threonine 33 and serine 35 to aspartate 
amino acids as potentially constitutive active forms, and these Bik mutants were demonstrated as 
therapeutic agents in cancer gene therapy. Although the inventors previously demonstrated that 
systemically administrated nonviral gene delivery system (SN)-bik significantly inhibited the 
growth and metastasis of human breast cancer cells implanted in nude mice and prolonged the 
life span of the treated animals (Zou et al., 2002), as described herein Bik mutants could also 
enhance anti-tumor function of Bik gene product in in vitro and in vivo models, compared to 
wild type Bik. 

[0054] The present invention regards variant forms of the pro-apoptotic bik polynucleotide as a 
tumor suppressor gene to treat human ovarian cancer, pancreatic cancer, breast cancer, prostate 
cancer, and other cancers. In some embodiments it is delivered by, for example, either a viral or 
non-viral delivery system into an appropriate recipient animal to suppress tumor growth and 
development. In one exemplary embodiment of the present invention, the delivered Bik mutants 
act through an apoptosis mechanism to suppress tumor growth and development. Thus, herein 
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the inventors demonstrate that the bik variants exerted strong anti-tumor activity and behaved 
like a classic tumor suppressor. 

[0055] Bik was initially identified as a BH3 -domain-only protein that interacts with E1B 19K 
and Bcl-2. Systemically administrated Bik significantly inhibited the tumor growth and 
metastasis in human breast cancer nude mice model. Recently, it has been reported that post- 
translational phosphorylation can regulate the pro-apoptotic potency of Bik. Here, the present 
inventors demonstrated that Bik mutants were more potent than wild type (wt) Bik to inhibit cell 
proliferation and enhance apoptosis induction in various human cancer cells. They also 
demonstrated that the Bik mutants suppressed the tumorigenicity and tumor taking rate in mice 
ex vivo model. Finally, the inventors demonstrated the Bik mutant-SN liposome inhibited the 
tumor growth and prolonged the life span in mice in vivo model. Thus, the present invention 
provides mutant Bik gene product, and polynucleotides that encode same, are more potent than 
wt Bik to induce cell death. 

[0056] Exemplary mutants of Bik, Bik-T33D (threonine 33 to aspartate), Bik-S35D (serine 35 
to aspartate) and Bik-T33DS35D (threonine 33 and serine 35 to aspartate), were generated. 
These mutants, in preferred embodiments of the present invention, selectively inhibit cancer cell 
growth and also preferably are more potent anti-cancer agents than the wild-type Bik. In other 
embodiments the mutant Biks inhibit other cell proliferation and is useful for the treatment of 
restenosis or to inhibit angiogenesis. One skilled in the art following the teachings of this 
specification can generate other exemplary mutants of Bik polypeptide. 

[0057] A skilled artisan recognizes that a multitude of Bik nucleic acid and polypeptide 
sequences may be used in the present invention. A skilled artisan is aware of publicly available 
databases that provide these sequences, such as the National Center for Biotechnology 
Information's GenBank database or commercially available databases such as from Celera 
Genomics, Inc. (Rockville, MD). Exemplary polypeptide sequences include (as identified by 
their GenBank Accession numbers): SEQ ID NO:3 (AAC50413; NP_001188; AAF01156; 
AAC79124; CAA62013; and S58214) and SEQ ID NO:4 (AAC40079). Exemplary 
polynucleotide sequences include (as identified by their GenBank Accession numbers): SEQ ID 
NO:5 (AY245248) and SEQ ID NO:6 (NM_001 197). 
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[0058] In specific embodiments, the Bik polypeptide comprises at least one of the following 
domains: BH3 domain (for example, ALRLACIGDEMD; SEQ ID NO: 10); at least one E1B 
19K-interacting domain (for example, LRLACIGDEMDV; SEQ ID NO: 11); at least one Bcl-2- 
interacting domain (for example, ALALRLACIGDEMDVSLR; SEQ ID NO: 12); and/or at least 
one heterodimerization domain (for example, LALRLACIGDEMDVSLRA; SEQ ID NO: 13), 
such as with various anti-apoptotic proteins, e.g. Bcl-2 and Bcl-XL; and/or a transmembrane 
domain (for example, EQVLLALLLLLALLLPLLSGGLHLLLK; SEQ ID NO: 14), and at least 
some of the domains may overlap. In particular embodiments, the Bik polypeptide comprises no 
substantially functional phosphorylation sites at particular amino acids, although in alternative 
embodiments the Bik may comprise one or more functional phosphorylation sites. As used 
herein the term "no substantially functional phosphorylation sites" refers to the majority of Bik 
molecules lacking phosphorylation ability at one or more particular amino acids capable of being 
phosphorylated. In specific embodiments, the phosphorylation sites in question include Thr33 
and Ser35. A skilled artisan recognizes how to assay for phosphorylation capability, such as 
providing antibodies specific for the phosphorylated species or for the non-phosphorylated 
species to the Bik form in question. A skilled artisan may also use two-dimensional gel 
electrophoresis or mass spectrum, for example, to identify the phosphorylation of these residues, 
in some embodiments. 

[0059] A skilled artisan recognizes that the mutants of Bik, such as the exemplary BikT33D 
(threonine 33 to aspartate) (SEQ ID NO:7); BikS35D (serine 35 to aspartate) (SEQ ID NO:8); 
and Bik T33DS35D (both threonine 33 and serine 35 to aspartate) (SEQ ID NO:9), may be 
generated by a variety of means. In a specific embodiment, a nucleic acid sequence as set forth 
in, for example, SEQ ID NO:5 or SEQ ID NO:6, is mutated at least at the codon that encodes a 
particular amino acid desired to be altered, such as the threonine at residue 33 to encode an 
aspartic acid, and so forth. Table 1 presents codons for all standard amino acids, and a skilled 
artisan would be well aware how to manipulate a starting nucleic acid to generate a desired 
mutation using standard site-directed mutagenesis techniques, for example. 

[0060] In an embodiment of the present invention, the Bik wild type gene product is 
phosphorylated under native conditions. In particular, the inventors have shown herein that 
mutant Bik, such as one or more comprising a mutation that encodes the T33 residue and/or the 
S3 5 residue, in spite of an inability to be phosphorylated, renders the mutant Bik gene product 
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also useful for inhibition of cell growth and/or useful for pro-apoptotic activity. A skilled artisan 
recognizes that the T33 and/or S35 residues may be altered to prohibit phosphorylation. For 
example, the T33 amino acid residue may be changed by altering the nucleic acid codon that 
encodes it, such as by site-directed mutagenesis. Alternatively, the T33 and/or S3 5 amino 
acid(s) may be blocked with at least one compound that prevents phosphorylation, for example 
with blocking agents such as carbodiamide and/or by acetylation of the residue with 
acetylchloride in trifluoroacetic acid. 

[0061] A skilled artisan recognizes that the substitution at Thr33 and/or Ser35 may prevent 
phosphorylation of the Bik polypeptide under conditions that would result in phosphorylation of 
an unsubstituted Bik polypeptide, and furthermore would know methods standard in the art to 
determine these conditions. 

[0062] In one aspect of the invention, mutant Bik polypeptide having at least one defective 
phosphorylation site is administered as a polynucleotide that is regulated in a tissue-specific 
manner. In particular, mutant Bik may be targeted for expression in breast cancer, pancreatic 
cancer, or prostate cancer, for example. In certain aspects of the invention, a breast cancer- 
specific promoter controls expression of mutant Bik. Although any breast cancer-specific 
control sequence is contemplated by the present inventors, in a particular embodiment mutant 
Bik expression is controlled by a composite (chimeric) promoter. For example, breast cancer 
specific promoters comprised of a CMV promoter enhancer sequence linked with breast cancer 
specific segments in either topoisomerase Ila promoter (named as CT90) or transferring receptor 
promoter (named as CTR116) may be utilized. Both of these chimeric promoters drive gene 
expression selectively in breast cancer cells and possess activity levels comparable to the CMV 
promoter. The mutant Bik constructs employing the CT90 or CTR116 chimeric promoters are 
used in gene transfer to target and treat primary and metastatic breast cancers with less toxicity to 
normal tissues, preferably by selectively killing breast cancer cells and/or significantly reducing 
breast tumor growth and/or growth rate. 

[0063] In other aspects of the invention, a prostate cancer-specific or pancreatic cancer-specific 
promoter controls expression of mutant Bik. Although any respective prostate cancer-specific or 
pancreatic cancer-specific promoter is contemplated by the present inventors, in a particular 
embodiment a composte prostate cancer-specific or pancreatic cancer-specific promoter, 
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respectively, is utilized. For example, the prostate cancer-specific promoter may comprise an 
ARR2 control sequence, whereas the pancreatic cancer-specific promoter may comprise a 
CCKAR control sequence. 

[0064] Any promoter or control sequence utilized to regulate expression of a polynucleotide 
encoding a mutant Bik polypeptide may utilize specific regulatory sequences that enhance 
expression and/or post- transcriptional processes, for example. Particular but exemplary 
sequences include enhancers, two-step transcriptional amplification system, elements that 
regulate RNA polyadenylation, half-life, and so forth, such as the WPRE, and others in the art. 

[0065] In other embodiments of the present invention, there are methods of preventing growth 
of a cell in an individual comprising administering to the individual a mutant Bik polypeptide. 
In specific embodiments, the polypeptide is administered in a liposome and/or the polypeptide 
further comprises a protein transduction domain (Schwarze et al., 1999), such as HIV Tat or 
penetratin. In alternative embodiments, mutant Bik is administered as a polynucleotide, wherein 
the polynucleotide comprises the alteration that effects modification at the amino acid level, such 
as is generated by site-directed mutagenesis, for example. The modified Bik polynucleotide is 
administered in a vector such as a plasmid, retroviral vector, adenoviral vector, adeno-associated 
viral vector, liposome, or a combination thereof. 

[0066] There are also embodiments of the present invention wherein there are methods of 
treating a cell comprising contacting the cell with a mutant Bik polypeptide. In specific 
embodiments, the cell is a human cell, the cell is comprised in an animal, and/or the animal is 
human. 

[0067] It is contemplated herein that the compositions of the present invention preferably have 
an activity similar from a native Bik polypeptide in the cell, and which may be approximately the 
same or more potent against a cancer cell than native Bik. That is, the scope of the present 
invention, in some embodiments, is directed to a change in the native Bik polypeptide for use in 
a manner similar to the wildtype Bik polypeptide. In an alternative embodiment, the mutant Bik 
forms (e.g. different from the wild type sequence) comprise an activity different from the native 
Bik polypeptide. 
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I. Definitions and Techniques Affecting Bik Gene Products and Genes 

A. Bik Gene Products and Genes 
[0068] As used herein, the terms "mutant Bik gene product" and "mutant Bik" refer to proteins 
having amino acid sequences that are not identical to the native Bik but that are biologically 
active in that they are capable of performing similar activities to native Bik. For example, they 
are preferably capable of pro-apoptotic activity, anti-cell proliferative activity, anti-tumor 
activity and/or cross-reactive antibody activity with anti-Bik antibody raised against Bik. The 
term "Bik gene product" includes analogs of Bik molecules that exhibit at least some biological 
activity in common with native Bik. Furthermore, those skilled in the art of mutagenesis will 
appreciate that other analogs, as yet undisclosed or undiscovered, may be used to construct Bik 
analogs. 

[0069] The term "mutant form of Bik" refers to any DNA sequence that is substantially 
identical to a DNA sequence encoding a Bik gene product as defined above. The term also refers 
to RNA or antisense sequences compatible with such DNA sequences. A "Bik gene" may also 
comprise any combination of associated control sequences. 

[0070] The term "substantially identical", when used to define either a Bik amino acid 
sequence or Bik nucleic acid sequence, means that a particular subject sequence, for example, a 
mutant sequence, varies from the sequence of natural Bik by, for example, one or more 
substitutions, deletions, additions, or a combination thereof, the net effect of which is to retain at 
least some biological activity of the Bik protein. Alternatively, DNA analog sequences are 
"substantially identical" to specific DNA sequences disclosed herein if: (a) the DNA analog 
sequence is derived from coding regions of the natural Bik gene; or (b) the DNA analog 
sequence is capable of hybridization of DNA sequences of (a) under moderately stringent 
conditions and which encode biologically active Bik; or (c) DNA sequences that are 
degenerative as a result of the genetic code to the DNA analog sequences defined in (a) or (b). 
Substantially identical analog proteins will be greater than about 80% similar to the 
corresponding sequence of the native protein. Sequences having lesser degrees of similarity but 
comparable biological activity are considered to be equivalents. In determining nucleic acid 
sequences, all subject nucleic acid sequences capable of encoding substantially similar amino 
acid sequences are considered to be substantially similar to a reference nucleic acid sequence, 
regardless of differences in codon sequence. 
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B. Percent Similarity 

[0071] Percent similarity may be determined, for example, by comparing sequence information 
using the GAP computer program, available from the University of Wisconsin Geneticist 
Computer Group. The GAP program utilizes the alignment method of Needleman et al., 1970, as 
revised by Smith et al., 1981. Briefly, the GAP program defines similarity as the number of 
aligned symbols (i.e. nucleotides or amino acids) which are similar, divided by the total number 
of symbols in the shorter of the two sequences. The preferred default parameters for the GAP 
program include (1) a unitary comparison matrix (containing a value of 1 for identities and 0 for 
non-identities) of nucleotides and the weighted comparison matrix of Gribskov et al., 1986, as 
described by Schwartz et al., 1979; (2) a penalty of 3.0 for each gap and an additional 0.01 
penalty for each symbol and each gap; and (3) no penalty for end gaps. 

II. Nucleic Acid Sequences 

[0072] In certain embodiments, the invention concerns the use of mutant Bik nucleic acids, 
genes and gene products, such as the mutant Bik that includes a sequence that is different from 
that of the known Bik gene, or the corresponding protein. The term "a sequence essentially as 
Bik" means that the sequence substantially corresponds to a portion of the Bik gene and has 
relatively few bases or amino acids (whether DNA or protein) that are not identical to those of 
Bik (or a biologically functional equivalent thereof, when referring to proteins). The term 
"biologically functional equivalent" is well understood in the art and is further defined in detail 
herein. Accordingly, sequences that have between about 70% and about 80%; or more 
preferably, between about 81% and about 90%; or even more preferably, between about 91% and 
about 99%; of amino acids that are identical or functionally equivalent to the amino acids of Bik 
will be sequences that are "essentially the same". 

[0073] Mutant bik nucleic acids that have functionally equivalent codons are covered by the 
invention. The term "functionally equivalent codon" is used herein to refer to codons that encode 
the same amino acid, such as the six codons for arginine or serine, and also refers to codons that 
encode biologically equivalent amino acids (Table 1). 
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TABLE 1 - FUNCTIONALLY EQUIVALENT CODONS 



Amino Acids Codons 



A 1 

Alanine 


A 1 

Ala 


A 


GCA 


GCC 


GCG 


GCU 






Cysteine 


Cys 


C 


UGC 


UGU 










A A • 1 

Aspartic Acid 


Asp 


D 


GAC 


GAU 










Glutamic Acid 


Glu 


E 


GAA 


GAG 










Phenylalanine 


Phe 


F 


T TT T/""> 

uuc 


UUU 










Glycine 


Gly 


G 


GGA 


GGC 


GGG 


GGU 






T T • • 1 • 

Histidme 


His 


H 


CAC 


CAU 










T 1 

lsoleucine 


He 


I 


AUA 


AUC 


AUU 








Lysine 


Lys 


K 


AAA 

AAA 


A A /"> 

AAG 










Leucine 


Leu 


L 


T TT T A 

UUA 


T TT T/~> 

UUG 


CUA 


cue 


CUG 




CUU 


















Methionine 


Met 


M 


AUG 












Asparagine 


Asn 


N 


AAC 


AAU 










Proline 


Pro 


P 


CCA 


CCC 


ecu 








Glutamine 


Gin 


Q 


CAA 


CAG 










Arginine 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG 


CGU 


Serine 


Ser 


S 


AGC 


AGU 


UCA 


UCC 


UCG 


UCU 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 






Valine 


Val 


V 


GUA 


GUC 


GUG 


GUU 






Tryptophan 


Trp 


W 


UGG 












Tyrosine 


Tyr 


Y 


UAC 


UAU 











[0074] It will also be understood that amino acid and nucleic acid sequences may include 
additional residues, such as additional N- or C-terminal amino acids or 5 1 or 3' sequences, and yet 
still be essentially as set forth in one of the sequences disclosed herein, so long as the sequence 
meets the criteria set forth above, including the maintenance of biological protein activity where 
protein expression is concerned. The addition of terminal sequences particularly applies to 
nucleic acid sequences which may, for example, include various non-coding sequences flanking 
either of the 5' or 3 f portions of the coding region or may include various internal sequences, i.e., 
introns, which are known to occur within genes. 

[0075] The present invention also encompasses the use of DNA segments that are 
complementary, or essentially complementary, to the sequences set forth in the specification. 
Nucleic acid sequences that are "complementary" are those that are capable of base-pairing 
according to the standard Watson-Crick complementarity rules. As used herein, the term 
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"complementary sequences" means nucleic acid sequences that are substantially complementary, 
as may be assessed by the same nucleotide comparison set forth above, or as defined as being 
capable of hybridizing to the nucleic acid segment in question under relatively stringent 
conditions such as those described herein. 

C. Biologically Functional Equivalents 
[0076] As mentioned above, modification and changes may be made in the structure of Bik and 
still obtain a molecule having like or otherwise desirable characteristics. For example, certain 
amino acids may be substituted for other amino acids in a protein structure without appreciable 
loss of interactive binding capacity with structures such as, for example, E1B 19K or Bcl-2. 
Since, in many embodiments, it is the interactive capacity and nature of a protein that defines 
that protein's biological functional activity, certain amino acid sequence substitutions can be 
made in a protein sequence (or, of course, its underlying DNA coding sequence) and 
nevertheless obtain a protein with like or even countervailing properties (e.g., antagonistic vs. 
agonistic). It is thus contemplated by the inventors that various changes may be made in the 
sequence of the mutant Bik proteins or peptides (or underlying DNA) without appreciable loss of 
their desired biological utility or activity. 

[0077] It is also well understood by the skilled artisan that, inherent in the definition of a 
biologically functional equivalent protein or peptide, is the concept that there is a limit to the 
number of changes that may be made within a defined portion of the molecule and still result in a 
molecule with an acceptable level of equivalent biological activity. Biologically functional 
equivalent peptides are thus defined herein as those peptides in which certain, not most or all, of 
the amino acids may be substituted. Of course, a plurality of distinct proteins/peptides with 
different substitutions may easily be made and used in accordance with the invention. 

[0078] It is also well understood that where certain residues are shown to be particularly 
important to the biological or structural properties of a protein or peptide, e.g., residues in active 
sites, such residues may not generally be exchanged. 

[0079] Amino acid substitutions, such as those that might be employed in modifying Bik, are 
generally based on the relative similarity of the amino acid side-chain substituents, for example, 
their hydrophobicity, hydrophilicity, charge, size, and the like. An analysis of the size, shape and 
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type of the amino acid side-chain substituents reveals that arginine, lysine and histidine are all 
positively charged residues; that alanine, glycine and serine are all a similar size; and that 
phenylalanine, tryptophan and tyrosine all have a generally similar shape. Therefore, based upon 
these considerations, arginine, lysine and histidine; alanine, glycine and serine; and 
phenylalanine, tryptophan and tyrosine; are defined herein as biologically functional equivalents. 

[0080] In making such changes, the hydropathic index of amino acids may be considered. Each 
amino acid has been assigned a hydropathic index on the basis of their hydrophobicity and 
charge characteristics, these are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine 
(+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (- 

0. 7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (- 
3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 

[0081] The importance of the hydropathic amino acid index in conferring interactive biological 
function on a protein is generally understood in the art (Kyte and Doolittle, 1982, incorporated 
herein by reference). It is known that certain amino acids may be substituted for other amino 
acids having a similar hydropathic index or score and still retain a similar biological activity. In 
making changes based upon the hydropathic index, the substitution of amino acids whose 
hydropathic indices are within ±2 is preferred, those that are within ±1 are particularly preferred, 
and those within ±0.5 are even more particularly preferred. 

[0082] It is also understood in the art that the substitution of like amino acids can be made 
effectively on the basis of hydrophilicity. U.S. Pat. No. 4,554,101, incorporated herein by 
reference, states that the greatest local average hydrophilicity of a protein, as governed by the 
hydrophilicity of its adjacent amino acids, correlates with its immunogenicity and antigenicity, 

1. e. with a biological property of the protein. It is understood that an amino acid can be 
substituted for another having a similar hydrophilicity value and still obtain a biologically 
equivalent protein. 

[0083] As detailed in U.S. Pat. No. 4,554,101, the following hydrophilicity values have been 
assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0.+-.1); glutamate 
(+3.0.+-.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); 
proline (-0.5.+-.1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (- 
1 .5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 
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[0084] In making changes based upon similar hydrophilicity values, the substitution of amino 
acids whose hydrophilicity values are within ±2 is preferred, those that are within ±1 are 
particularly preferred, and those within ±0.5 are even more particularly preferred. 

[0085] While discussion has focused on functionally equivalent polypeptides arising from 
amino acid changes, it will be appreciated that these changes may be effected by alteration of the 
encoding DNA; taking into consideration also that the genetic code is degenerate and that two or 
more codons may code for the same amino acid. 

III. Nucleic Acid-Based Expression Systems 

[0086] The present invention utilizes, in some embodiments, systems for expressing mutant 
Bik-comprising polynucleotides. Particular exemplary aspects for these polynucleotides are 
described herein. 

A. Vectors 

[0087] The term "vector" is used to refer to a carrier nucleic acid molecule into which a nucleic 
acid sequence can be inserted for introduction into a cell where it can be replicated. A nucleic 
acid sequence can be "exogenous," which means that it is foreign to the cell into which the 
vector is being introduced or that the sequence is homologous to a sequence in the cell but in a 
position within the host cell nucleic acid in which the sequence is ordinarily not found. Vectors 
include plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant viruses), and 
artificial chromosomes (e.g., YACs). One of skill in the art would be well equipped to construct 
a vector through standard recombinant techniques, which are described in Maniatis et al., 1988 
and Ausubel et al., 1994, both incorporated herein by reference. 

[0088] The term "expression vector" refers to a vector containing a nucleic acid sequence 
coding for at least part of a gene product capable of being transcribed. In some cases, RNA 
molecules are then translated into a protein, polypeptide, or peptide. In other cases, these 
sequences are not translated, for example, in the production of antisense molecules or ribozymes. 
Expression vectors can contain a variety of "control sequences," which refer to nucleic acid 
sequences necessary for the transcription and possibly translation of an operably linked coding 
sequence in a particular host organism. In addition to control sequences that govern transcription 
and translation, vectors and expression vectors may contain nucleic acid sequences that serve 
other functions as well and are described infra. 
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1 . Promoters and Enhancers 
[0089] A "promoter" is a control sequence that is a region of a nucleic acid sequence at which 

initiation and rate of transcription are controlled. In a specific embodiment, a control sequence, 

such as a promoter, regulates the tissue specificity within which the nucleic acid sequence is 

expressed. A promoter, or control sequence, may comprise genetic elements at which regulatory 

proteins and molecules may bind, such as RNA polymerase and other transcription factors. The 

phrases "operatively positioned," "operatively linked," "under control," and "under 

transcriptional control" mean that a promoter or other control sequence is in a correct functional 

location and/or orientation in relation to a nucleic acid sequence to control transcriptional 

initiation and/or expression of that sequence. A promoter may or may not be used in conjunction 

with an "enhancer," which refers to a cis-acting regulatory sequence involved in the 

transcriptional activation of a nucleic acid sequence. 

[0090] A promoter may be one naturally associated with a gene or sequence, as may be 
obtained by isolating the 5' non-coding sequences located upstream of the coding segment and/or 
exon. Such a promoter can be referred to as "endogenous." Similarly, an enhancer may be one 
naturally associated with a nucleic acid sequence, located either downstream or upstream of that 
sequence. Alternatively, certain advantages will be gained by positioning the coding nucleic 
acid segment under the control of a recombinant or heterologous promoter, which refers to a 
promoter that is not normally associated with a nucleic acid sequence in its natural environment. 
A recombinant or heterologous enhancer refers also to an enhancer not normally associated with 
a nucleic acid sequence in its natural environment. Such promoters or enhancers may include 
promoters or enhancers of other genes, and promoters or enhancers isolated from any other 
prokaryotic, viral, or eukaryotic cell, and promoters or enhancers not "naturally occurring," i.e., 
containing different elements of different transcriptional regulatory regions, and/or mutations 
that alter expression. In addition to producing nucleic acid sequences of promoters and 
enhancers synthetically, sequences may be produced using recombinant cloning and/or nucleic 
acid amplification technology, including PCR™, in connection with the compositions disclosed 
herein (see U.S. Patent 4,683,202; U.S. Patent 5,928,906, each incorporated herein by reference). 
Furthermore, it is contemplated the control sequences that direct transcription and/or expression 
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of sequences within non-nuclear organelles such as mitochondria, chloroplasts, and the like, can 
be employed as well. 

[0091] Naturally, it will be important to employ a promoter and/or enhancer that effectively 
directs the expression of the DNA segment in the cell type, organelle, and organism chosen for 
expression. Those of skill in the art of molecular biology generally know the use of promoters, 
enhancers, and cell type combinations for protein expression, for example, see Sambrook et al. 
(1989), incorporated herein by reference. The promoters employed may be constitutive, tissue- 
specific, inducible, and/or useful under the appropriate conditions to direct high level expression 
of the introduced DNA segment, such as is advantageous in the large-scale production of 
recombinant proteins and/or peptides. The promoter may be heterologous or endogenous. 

[0092] Table 2 lists several elements/promoters that may be employed, in the context of the 
present invention, to regulate the expression of a gene. This list is not intended to be exhaustive 
of all the possible elements involved in the promotion of expression but, merely, to be exemplary 
thereof. Table 3 provides examples of inducible elements, which are regions of a nucleic acid 
sequence that can be activated in response to a specific stimulus. 



TABLE 2 - Promoter and/or Enhancer 


Promoter/Enhancer 


References 


Immunoglobulin Heavy Chain 


Banerji et al., 1983; Gilles et al., 1983; Grosschedl et al., 
1985; Atchinson et al., 1986, 1987; Imler et al., 1987; 
Weinberger et al., 1984; Kiledjian et al., 1988; Porton et 
al.; 1990 


Immunoglobulin Light Chain 


Queen et al., 1983; Picard et al., 1984 


T-Cell Receptor 


Luria et al., 1987; Winoto et al., 1989; Redondo et al.; 
1990 


HLA DQ a and/or DQ p 


Sullivan et al., 1987 


P-Interferon 


Goodboum et al., 1986; Fujita et al., 1987; Goodboum et 
al., 1988 


Interleukin-2 


Greene et al., 1989 


Interleukin-2 Receptor 


Greene et al., 1989; Lin et al., 1990 


MHC Class 115 


Koch et al., 1989 


MHC Class II HLA-DRa 


Sherman et al., 1989 
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TABLE 2 - Promoter and/or Enhancer 


Promoter/Enhancer 


References 


p-Actin 


Kawamoto et aL, 1988; Ng et aL; 1989 


Muscle Creatine Kinase (MCK) 


Jaynes et at, 1988; Horlick et aL, 1989; Johnson et aL, 
1989 


Prealbumin (Transthyretin) 


Costa et al 1988 


Elastase I 


Omitz et al 1987 


MetaUothionein (MTID 


Karin et al 1987* Culotta et al 1989 


Collapenase 


Pinkert et al 1987- Angel et al 1987 

a ixxivv^x L ai.) ± y kj t y i viig^,i t,L til. j l y U ( 


Albumin 


Pinkert et al 1987* Tronche er al 1989 1990 


ry -Pf* f onrofpin 


Godbout et al 1988- Camoere et al 1989 


t-Globin 


Bodine et al., 1987; Perez-Stable et al., 1990 


p-Globin 


Trudel et al., 1987 


c-fos 


Cohen et al., 1987 


c-HA-ras 


Triesman, 1986; Deschamps et al., 1985 


Insulin 


Edlund et al., 1985 


Neural Cell Adhesion Molecule 
(NCAM) 

yx v_>x y 


Hirsh et al., 1990 


a 1 - Antitrypain 


Latimer et al., 1990 


H2B (TH2B) Histone 


Hwang et al., 1990 


Mouse and/or Type I Collagen 


Ripe et al, 1989 


Glucose-Regulated Proteins 
(GRP94 and GRP78) 


Chang et al., 1989 




j_arsen et ai., lyoo 


Human Serum Amyloid A (SAA) 


Edbrooke et al., 1989 


Troponin I (TN I) 


Yutzey et al., 1989 


Platelet-Derived Growth Factor 


Pech et al., 1989 


(PDGF) 




Duchenne Muscular Dystrophy 


Klamut et al., 1990 


SV40 


Banerji et al., 1981; Moreau et al., 1981; Sleigh et al., 
1985; Firak et al., 1986; Herr et ai., 1986; Imbra et al., 
1986; Kadesch et al., 1986; Wang et al., 1986; Ondek et 
al., 1987; Kuhl et al., 1987; Schaffher et al., 1988 
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TABLE 2 - Promoter and/or Enhancer 


Promoter/Enhancer 


References 


Polyoma 


bwartzendruber et al., 1975; Vasseur et al., 1980; Katinka 
et al., 1980, 1981; Tyndell et al, 1981; Dandolo et al., 
1983; de Villiers et al., 1984; Hen et al., 1986; Satake et 
al., 1988; Campbell and Villarreal, 1988 


Retroviruses 


is 1 1 1 noi 1 r\o i t ii r\o-i tv • t 

Knegler et al., 1982, 1983; Levmson et al., 1982; Knegler 
et al., 1983, 1984a, b, 1988; Bosze et al., 1986; Miksicek et 
al., lyoo; L-elander et al., 1987; Ihiesen et al., 1988; 
Celander et al., 1988; Choi et al., 1988; Reisman et al, 
1989 


Papilloma Virus 


Campo et al., 1983; Lusky et al., 1983; Spandidos and 

w/:l1 *^ moi c 11~ „1 _ „i i nor t i \ 1 r\ozr 

Wilkie, V9o5\ opalholz et al., lyo5; Lusky et al., 19oo; 
Cripe et al, 1987; Gloss et al., 1987; Hirochika et al., 
1987; Stephens et al., 1987; Glue et al, 1988 


Hepatitis B Virus 


*D ii . i 1 0O/C I i . i \ c\o cl 1 1 1 r\on 

Bulla et al., 19oo; Jameel et al., 1986; ohaul et al., 1987; 
Spandau et al., 1988; Vannice et al., 1988 


Human Immunodeficiency Virus 


Muesing et al., 1987; Hauber et al, 1988; Jakobovits et al., 
1988; Feng et al., 1988; Takebe et al., 1988; Rosen et al, 
1988; Berkhout et al., 1989; Laspia et al., 1989; Sharp et 
al., 1989; Braddock et al., 1989 


Cytomegalovirus (CMV) 


Weber et al., 1984; Boshart et al., 1985; Foecking et al., 
1986 


Gibbon Ape Leukemia Virus 


Holbrook et al., 1987; Quinn et al., 1989 



TABLE 3 - Inducible Elements 


Element 


Inducer 


References 


MT II 


Phorbol Ester (TFA) 
Heavy metals 


Palmiter et al., 1982; Haslinger et 
al., 1985; Searle et al., 1985; 
Stuart et al., 1985; Imagawa et al., 
1987, Karin et al., 1987; Angel et 
al., 1987b; McNeall et al., 1989 


MMTV (mouse mammary 
tumor virus) 


Glucocorticoids 


Huang et al., 1981; Lee et al., 
1981; Majors et al., 1983; 
Chandler et al., 1983; Lee et al, 
1984; Ponta et al., 1985; Sakai et 
al., 1988 


P ^Interferon 


poly(rI)x 
poly(rc) 


Tavernier et al., 1983 \ 
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TABLE 3 - Inducible Elements 


Element 


Inducer 


References 


Adenovirus 5 E2 


E1A 


Imperiale et al., 1984 


Coilagenase 


Phorbol Ester (TPA) 


Angel et aL, 1987a 


Stromelysin 


Phorbol Ester (TPA) 


Angel et al, 1987b ! 


SV40 


Phorbol Ester (TPA) 


Angel etaL, 1987b 


Murine MX Gene 


Interferon, Newcastle 
Disease Virus 


Hug et al, 1988 


GRP78 Gene 


A23187 


Resendez et al 1988 


ry J~) -X/farrncrl nhnlin 

VA* iVlQLl wglUU LI ill 1 


IL-6 


Kunz et al 1989 


Vimentin 


Serum 


Rittling et al, 1989 


MHC Class I Gene H-2icb 


Interferon 


Blanar et al., 1989 


HSP70 


E1A, S V40 Large T Antigen 


Taylor et al., 1989, 1990a, 1990b 


Proliferin 


Phorbol Ester-TPA 


Mordacq et al., 1989 


Tumor Necrosis Factor 


PMA 


Hensel et al., 1989 


Thyroid Stimulating 
Hormone a Gene 


Thyroid Hormone 


Chatterjee et al., 1989 



[0093] The identity of tissue-specific promoters or elements, as well as assays to characterize 
their activity, is well known to those of skill in the art. Examples of such regions include the 
human LIMK2 gene (Nomoto et aL 1999), the somatostatin receptor 2 gene (Kraus et aL, 1998), 
murine epididymal retinoic acid-binding gene (Lareyre et aL, 1999), human CD4 (Zhao-Emonet 
et aL, 1998), mouse alpha2 (XI) collagen (Tsumaki, et aL, 1998), D1A dopamine receptor gene 
(Lee, et aL, 1997), insulin-like growth factor II (Wu et aL, 1997), or human platelet endothelial 
cell adhesion molecule- 1 (Almendro et aL, 1996), for example. 

[0094] Tissue-specific promoters utilized to control expression targeting and/or levels of 
mutant Bik may be endogenous wild-type promoters, mutant promoters, or synthetic promoters, 
so long as the expression of mutant Bik is preferentially retained in one or more tissues of 
interest compared to tissues that are not the desired target. Synthetic promoters may be further 
defined as composite promoters, referred to herein as a promoter comprising at least two separate 
regions originating from different endogenous and/or synthetic promoters yet operably linked to 
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control expression of a mutant Bik. In a particular embodiment, the tissue specificity refers to 
specificity for cancerous tissue, as opposed to non-cancerous tissue. The term "cancerous tissue" 
as used herein refers to a tissue comprising at least one cancer cell. 

a. Breast Cancer Tissue-Specific Promoters 
[0095] Most of the promoters currently used in cancer gene therapy possess strong but 

unselective activity (e.g. CMV and p-actin promoters) in both normal and tumor cells. Thus, in 
some aspects of the present invention, a breast tissue-specific promoter is utilized in the 
invention, such as to control expression of a mutant form of Bik, including the exemplary 
BikT33D, BikS35D, and Bik T33DS35D mutants. In a particular aspect, the breast tissue- 
specific promoter is a breast cancer tissue-specific promoter. As such, the desired promoter for 
this embodiment targets expression specifically to breast cancer tissue. 

[0096] Any breast cancer tissue-specific promoter may be employed in the invention so long as 
it preferentially directs expression of mutant Bik in breast cancer tissue. Examples of breast 
cancer tissue-specific promoters that may direct expression of mutant Bik in breast cancer tissue 
include at least hALA, GLG, HK-II, and HER2 promoters (Anderson et al., 2000; Katabi et al., 
1999; Lu et al., 2002; Maeda et al., 2001). 

[0097] In one particular embodiment of the present invention, composite promoters utilizing 
either topoisomerase Ila (topolla) and transferrin receptor (TfR) breast cancer-specific control 
sequences are employed. The topoisomerase Ila (topolla) and transferrin receptor (TfR) levels 
are elevated in breast cancer, as determined using SAGE analysis and cDNA microarray, for 
example. The present inventors identified a 90 base pair segment (SEQ ID NO:26) and a 116 
base pair segment (SEQ ID NO:27) in the 5'-end of topolla and TfR promoter, respectively, as a 
minimally required breast-cancer specific control sequence. In particular embodiments, the 
promoter activity is enhanced by operatively linking these two short promoters with an enhancer 
sequence, such as the cytomegalovirus (CMV) promoter enhancer sequence (SEQ ID NO:25); 
these chimeric promoters are referred to herein as CT90 and CTR116, respectively. The full 
CT90 promoter is comprised in SEQ ID NO:37, and the full CTR116 promoter is comprised in 
SEQ ID NO:38. These promoters are described herein but are further characterized in detail in 

U.S. Provisional Patent Application No. 60/ , entitled "Cancer-Specific Promoters" by 

Mien-Chie Hung, Yan Li, Yong Wen, Chi-Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng Li, 
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filed simultaneously herewith and incorporated by reference herein in its entirety. To 
demonstrate its use in cancer gene therapy, the present inventors generated a DNA construct 
using CT90 to drive mutant Bik expression. When transfected into cell lines, this construct 
selectively killed breast cancer cells. Moreover, the present inventors demonstrated that this 
construct had an anti-tumor effect on breast tumor xenograft in mouse by intravenous injection 
with an exemplary non- viral delivery system. This indicates that CT90 and CTR116 can drive 
the expression of a therapeutic gene such as mutant Bik selectively in breast cancer cells. 

[0098] Thus, the current invention encompasses breast cancer-specific promoters for control of 
expression of mutant Bik to target breast cancer cells for treatment that is less toxic or non-toxic 
to normal tissues. 

b. Pancreatic Cancer Tissue-Specific Promoters 
[0099] Pancreatic-specific promoters can be used for targeted expression of mutant Bik, 

including the exemplary BikT33D, BikS35D, and Bik T33DS35D mutants. Any pancreatic 

cancer tissue-specific promoter may be employed in the invention so long as it preferentially 

directs expression of mutant Bik in pancreatic cancer tissue. Examples of pancreatic cancer 

tissue-specific promoters that may direct expression of mutant Bik in pancreatic cancer tissue 

include the insulin promoter, such as the rat insulin promoter (Wang et al., 2004); midkine and 

cyclooxygenase-2 promoters (Wesseling et al., 2001); and carcinoembryonic antigen (CEA) 

promoter (Takeuchi et al., 2000), for example. 

[0100] The present inventors developed a pancreatic cancer-specific promoter that is described 

herein but provided in further detail in U.S. Provisional Patent Application 60/ , entitled 

"Cancer-Specific Promoters" by Mien-Chie Hung, Yan Li, Yong Wen, Chi-Ping Day, Kun-Ming 
Rau, Xiaoming Xie, Zheng Li, filed simultaneously herewith, which is incorporated by reference 
herein in its entirety. The promoter comprises Cholecystoskinin A receptor (CCKAR) promoter 
sequence, particularly CCKAR promoter ranging from nt -726 to + 1 (SEQ ID NO:28) 
operatively linked to an enhancer, such as CMV enhancer. The CCKAR-CMV composite is then 
engineered with a particular two-step transcriptional amplification (TSTA) system (Iyer et al., 
2001; Zhang et al., 2002; Sato et al., 2003; and references cited therein), such as the exemplary 
GAL4-VP16 or GAL4-VP2 fusion protein, to augment the transcriptional activity and, it is also 
operatively linked to the post-transcriptional regulatory element of the woodchuck hepatitis virus 
(WPRE) (SEQ ID NO:29) to modify RNA polyadenylation signal, RNA export, and/or RNA 
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translation. A skilled artisan recognizes that the term "two-step transcriptional amplification 
(TSTA) system" may also be referred to as "two-step transcriptional activation (TSTA) system" 
or "recombinant transcriptional activation approach" (Nettelbeck et al., 2000). In a particular 
aspect, the CCAKAR-TSTA-WPRE (CTP) promoter is utilized, and an example of such a 
composite promoter is comprised in SEQ ID NO:34. Thus, the molecularly engineered CTP 
promoter is employed for effective treatment modalities for pancreatic cancer gene therapy with 
mutant Bik. 

c. Prostate Cancer Tissue-Specific Promoters 
[0101] Prostate cancer tissue-specific promoters can be used to control expression of 

polynucleotides that encode mutant Bik. Prostate-specific promoters, like PSA, probasin and 

hK2, for example, have been recently developed. The activities of these promoters are androgen- 

dependent. For numerous disease stages, patients are androgen-dependent (ADPC), allowing the 

use of androgen-responsive vectors to direct expression of therapeutic genes to prostatic tissue. 

Although robust prostate-specific promoters responsive to androgen receptor have been 

developed by the present inventors (Xie et al., Cancer Res 2001) and other groups (Zhang et al., 

Mol Endocrinol 2000), these androgen-dependent promoters may be less active after castration 

or androgen ablation therapy, which are the main modalities for progressive prostate cancer 

treatment. These patients treated with compositions comprising these promoters may fail this 

kind of therapy and die of recurrent androgen-independent prostate cancer (AIPC). 

[0102] The inventors have developed prostate cancer-specific promoters that may be expected 
to have benefit for both ADPC and androgen-independent prostate cancer (AIPC) to treat 
metastatic and recurrent hormonal refractory prostate cancer, particularly to regulate expression 
of mutant Bik. This promoter is described herein and characterized in further detail in U.S. 

Provisional Patent Application No. 60/ , entitled "Cancer-Specific Promoters" by Mien- 

Chie Hung, Yan Li, Yong Wen, Chi-Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng Li, filed 
simultaneously herewith and incorporated by reference herein in its entirety. The promoter, 
referred to herein as ATTP, comprises at least the minimal promoter fragment (hTERTp) of the 
human telomerase reverse transcriptase (hTERT) (SEQ ID NO: 32) operably linked to a two-step 
transcriptional amplification (TSTA) system, such as the exemplary GAL4-VP16 or GAL4-VP2 
(two examples of GAL4-VP2 are SEQ ID NO:30 or SEQ ID NO:33) fusion protein-encoding 
sequences, and it is also operatively linked to the post-transcriptional regulatory element of the 
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woodchuck hepatitis virus (WPRE) to modify RNA polyadenylation signal, RNA export, and/or 
RNA translation. These regulatory sequences are effective in both ADPC and AIPC cell lines. 
Given that in most cases of recurrent prostate cancers the AR gene is amplified and/or AR is 
overexpressed, this particular promoter greatly improves the effective index for the embodiment 
wherein the activity of this system is stimulated by androgen. In preferred embodiments the 
tissue-specificity region comprises at least, and for example, the ARR2 regulatory element (SEQ 
ID NO:31) from ARR2 gene. In a particular aspect of the invention, the TSTA-hTERT-ARR2 
and WPRE elements are utilized as the prostate cancer-specific regulatory elements, which in 
specific embodiments are comprised in SEQ ID NO:35. Thus, the present inventors have 
developed a novel prostate cancer-specific regulatory system that will target mutant Bik to not 
only ADPC but also AIPC. 

2. Initiation Signals and Internal Ribosome Binding Sites 
[0103] A specific initiation signal also may be required for efficient translation of coding 

sequences. These signals include the ATG initiation codon or adjacent sequences. Exogenous 

translational control signals, including the ATG initiation codon, may need to be provided. One 

of ordinary skill in the art would readily be capable of determining this and providing the 

necessary signals. It is well known that the initiation codon must be "in-frame" with the reading 

frame of the desired coding sequence to ensure translation of the entire insert. The exogenous 

translational control signals and initiation codons can be either natural or synthetic. The 

efficiency of expression may be enhanced by the inclusion of appropriate transcription enhancer 

elements. 

[0104] In certain embodiments of the invention, the use of internal ribosome entry sites (IRES) 
elements are used to create multigene, or polycistronic, messages. IRES elements are able to 
bypass the ribosome scanning model of 5' methylated Cap dependent translation and begin 
translation at internal sites (Pelletier and Sonenberg, 1988). IRES elements from two members 
of the picornavirus family (polio and encephalomyocarditis) have been described (Pelletier and 
Sonenberg, 1988), as well an IRES from a mammalian message (Macejak and Sarnow, 1991). 
IRES elements can be linked to heterologous open reading frames. Multiple open reading 
frames can be transcribed together, each separated by an IRES, creating polycistronic messages. 
By virtue of the IRES element, each open reading frame is accessible to ribosomes for efficient 
translation. Multiple genes can be efficiently expressed using a single promoter/enhancer to 
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transcribe a single message (see U.S. Patent 5,925,565 and 5,935,819, herein incorporated by 
reference). 

3 . Multiple Cloning Sites 

[0105] Vectors can include a multiple cloning site (MCS), which is a nucleic acid region that 

contains multiple restriction enzyme sites, any of which can be used in conjunction with standard 
recombinant technology to digest the vector. (See Carbonelli et al., 1999, Levenson et al., 1998, 
and Cocea, 1997, incorporated herein by reference.) "Restriction enzyme digestion" refers to 
catalytic cleavage of a nucleic acid molecule with an enzyme that functions only at specific 
locations in a nucleic acid molecule. Many of these restriction enzymes are commercially 
available. Use of such enzymes is widely understood by those of skill in the art. Frequently, a 
vector is linearized or fragmented using a restriction enzyme that cuts within the MCS to enable 
exogenous sequences to be ligated to the vector. "Ligation" refers to the process of forming 
phosphodiester bonds between two nucleic acid fragments, which may or may not be contiguous 
with each other. Techniques involving restriction enzymes and ligation reactions are well known 
to those of skill in the art of recombinant technology. 

4. Splicing Sites 

[0106] Most transcribed eukaryotic RNA molecules will undergo RNA splicing to remove 
introns from the primary transcripts. Vectors containing genomic eukaryotic sequences may 
require donor and/or acceptor splicing sites to ensure proper processing of the transcript for 
protein expression. (See Chandler et al., 1997, herein incorporated by reference.) 

5. Polyadenylation Signals 

[0107] In expression, one will typically include a polyadenylation signal to effect proper 

polyadenylation of the transcript. The nature of the polyadenylation signal is not believed to be 
crucial to the successful practice of the invention, and/or any such sequence may be employed. 
Preferred embodiments include the SV40 polyadenylation signal and/or the bovine growth 
hormone polyadenylation signal, convenient and/or known to function well in various target 
cells. Also contemplated as an element of the expression cassette is a transcriptional termination 
site. These elements can serve to enhance message levels and/or to minimize read through from 
the cassette into other sequences. 
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6. Origins of Replication 

[0108] In order to propagate a vector in a host cell, it may contain one or more origins of 

replication sites (often termed "ori"), which is a specific nucleic acid sequence at which 
replication is initiated. Alternatively an autonomously replicating sequence (ARS) can be 
employed if the host cell is yeast. 

7. Selectable and Screenable Markers 

[0109] In certain embodiments of the invention, the cells contain nucleic acid construct of the 

present invention, a cell may be identified in vitro or in vivo by including a marker in the 
expression vector. Such markers would confer an identifiable change to the cell permitting easy 
identification of cells containing the expression vector. Generally, a selectable marker is one that 
confers a property that allows for selection. A positive selectable marker is one in which the 
presence of the marker allows for its selection, while a negative selectable marker is one in 
which its presence prevents its selection. An example of a positive selectable marker is a drug 
resistance marker. 

[0110] Usually the inclusion of a drug selection marker aids in the cloning and identification of 
transformants, for example, genes that confer resistance to neomycin, puromycin, hygromycin, 
DHFR, GPT, zeocin and histidinol are useful selectable markers. In addition to markers 
conferring a phenotype that allows for the discrimination of transformants based on the 
implementation of conditions, other types of markers including screenable markers such as GFP, 
whose basis is colorimetric analysis, are also contemplated. Alternatively, screenable enzymes 
such as herpes simplex virus thymidine kinase (tk) or chloramphenicol acetyltransferase (CAT) 
may be utilized. One of skill in the art would also know how to employ immunologic markers, 
possibly in conjunction with FACS analysis. The marker used is not believed to be important, so 
long as it is capable of being expressed simultaneously with the nucleic acid encoding a gene 
product. Further examples of selectable and screenable markers are well known to one of skill in 
the art. 

B. Host Cells 

[0111] As used herein, the terms "cell," "cell line," and "cell culture" may be used 
interchangeably. All of these term also include their progeny, which is any and all subsequent 
generations. It is understood that all progeny may not be identical due to deliberate or 
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inadvertent mutations. In the context of expressing a heterologous nucleic acid sequence, "host 
cell" refers to a prokaryotic or eukaryotic cell, and it includes any transformable organisms that 
is capable of replicating a vector and/or expressing a heterologous gene encoded by a vector. A 
host cell can, and has been, used as a recipient for vectors. A host cell may be "transfected" or 
"transformed," which refers to a process by which exogenous nucleic acid is transferred or 
introduced into the host cell. A transformed cell includes the primary subject cell and its 
progeny. 

[0112] Host cells may be derived from prokaryotes or eukaryotes, depending upon whether the 
desired result is replication of the vector or expression of part or all of the vector-encoded 
nucleic acid sequences. Numerous cell lines and cultures are available for use as a host cell, and 
they can be obtained through the American Type Culture Collection (ATCC), which is an 
organization that serves as an archive for living cultures and genetic materials (www.atcc.org). 
An appropriate host can be determined by one of skill in the art based on the vector backbone 
and the desired result. A plasmid or cosmid, for example, can be introduced into a prokaryote 
host cell for replication of many vectors. Bacterial cells used as host cells for vector replication 
and/or expression include DH5a, JM109, and KC8, as well as a number of commercially 
available bacterial hosts such as SURE® Competent Cells and Solopack™ Gold Cells 
(Stratagene®, La Jolla). Alternatively, bacterial cells such as E. coli LE392 could be used as 
host cells for phage viruses. 

[0113] Examples of eukaryotic host cells for replication and/or expression of a vector include 
HeLa, NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC12. Many host cells from various cell 
types and organisms are available and would be known to one of skill in the art. Similarly, a 
viral vector may be used in conjunction with either a eukaryotic or prokaryotic host cell, 
particularly one that is permissive for replication or expression of the vector. 

[0114] Some vectors may employ control sequences that allow it to be replicated and/or 
expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further 
understand the conditions under which to incubate all of the above described host cells to 
maintain them and to permit replication of a vector. Also understood and known are techniques 
and conditions that would allow large-scale production of vectors, as well as production of the 
nucleic acids encoded by vectors and their cognate polypeptides, proteins, or peptides. 
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C. Expression Systems 
[0115] Numerous expression systems exist that comprise at least a part or all of the 
compositions discussed above. Prokaryote- and/or eukaryote-based systems can be employed for 
use with the present invention to produce nucleic acid sequences, or their cognate polypeptides, 
proteins and peptides. Many such systems are commercially and widely available. 

[0116] The insect cell/baculovirus system can produce a high level of protein expression of a 
heterologous nucleic acid segment, such as described in U.S. Patent No. 5,871,986, 4,879,236, 
both herein incorporated by reference, and which can be bought, for example, under the name 
MaxBac® 2.0 from Invitrogen® and BacPack™ Baculovirus Expression System From 
Clontech®. 

[0117] Other examples of expression systems include Stratagene®'s Complete Control™ 
Inducible Mammalian Expression System, which involves a synthetic ecdysone-inducible 
receptor, or its pET Expression System, an E. coli expression system. Another example of an 
inducible expression system is available from Invitrogen®, which carries the T-Rex™ 
(tetracycline-regulated expression) System, an inducible mammalian expression system that uses 
the full-length CMV promoter. Invitrogen® also provides a yeast expression system called the 
Pichia methanolica Expression System, which is designed for high-level production of 
recombinant proteins in the methylotrophic yeast Pichia methanolica. One of skill in the art 
would know how to express a vector, such as an expression construct, to produce a nucleic acid 
sequence or its cognate polypeptide, protein, or peptide. 

IV. Nucleic Acid Delivery 

[0118] The general approach to the aspects of the present invention concerning compositions 
and/or therapeutics is to provide a cell with a gene construct encoding a specific and/or desired 
mutant Bik protein, polypeptide, or peptide, thereby permitting the desired activity of the protein, 
polypeptide, or peptide to take effect. While it is conceivable that the gene construct and/or 
protein may be delivered directly, a preferred embodiment involves providing a nucleic acid 
encoding a specific and desired protein, polypeptide, or peptide to the cell. Following this 
provision, the proteinaceous composition is synthesized by the transcriptional and translational 
machinery of the cell, as well as any that may be provided by the expression construct. In 
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providing antisense, ribozymes and other inhibitors, the preferred mode is also to provide a 
nucleic acid encoding the construct to the cell. 

[0119] In certain embodiments of the invention, the nucleic acid encoding the gene may be 
stably integrated into the genome of the cell. In yet further embodiments, the nucleic acid may 
be stably maintained in the cell as a separate, episomal segment of DNA. Such nucleic acid 
segments and "episomes" encode sequences sufficient to permit maintenance and replication 
independent of and in synchronization with the host cell cycle. How the expression construct is 
delivered to a cell and/or where in the cell the nucleic acid remains is dependent on the type of 
expression construct employed. 

A. DNA Delivery Using Viral Vectors 
[0120] The ability of certain viruses to infect cells and enter cells via receptor-mediated 
endocytosis, and to integrate into host cell genome and/or express viral genes stably and/or 
efficiently have made them attractive candidates for the transfer of foreign genes into 
mammalian cells. Preferred gene therapy vectors of the present invention will generally be viral 
vectors. 

[0121] Although some viruses that can accept foreign genetic material are limited in the 
number of nucleotides they can accommodate and/or in the range of cells they infect, these 
viruses have been demonstrated to successfully effect gene expression. However, adenoviruses 
do not integrate their genetic material into the host genome and/or therefore do not require host 
replication for gene expression, making them ideally suited for rapid, efficient, heterologous 
gene expression. Techniques for preparing replication-defective infective viruses are well 
known in the art. 

[0122] Of course, in using viral delivery systems, one will desire to purify the virion 
sufficiently to render it essentially free of undesirable contaminants, such as defective interfering 
viral particles and endotoxins and other pyrogens such that it will not cause any untoward 
reactions in the cell, animal and/or individual receiving the vector construct. A preferred means 
of purifying the vector involves the use of buoyant density gradients, such as cesium chloride 
gradient centrifugation. 
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1 . Adenoviral Vectors 
[0123] A particular method for delivery of the expression constructs involves the use of an 

adenovirus expression vector. Although adenovirus vectors are known to have a low capacity 

for integration into genomic DNA, this feature is counterbalanced by the high efficiency of gene 

transfer afforded by these vectors. "Adenovirus expression vector" is meant to include those 

constructs containing adenovirus sequences sufficient to (a) support packaging of the construct 

and/or (b) to ultimately express a tissue and/or cell-specific construct that has been cloned 

therein. 

[0124] The expression vector comprises a genetically engineered form of adenovirus. 
Knowledge of the genetic organization and adenovirus, a 36 kb, linear, double-stranded DNA 
virus, allows substitution of large pieces of adenoviral DNA with foreign sequences up to 7 kb 
(Grunhaus and Horwitz, 1992). In contrast to retrovirus, the adenoviral infection of host cells 
does not result in chromosomal integration because adenoviral DNA can replicate in an episomal 
manner without potential genotoxicity. Also, adenoviruses are structurally stable, and/or no 
genome rearrangement has been detected after extensive amplification. 

[0125] Adenovirus is particularly suitable for use as a gene transfer vector because of its mid- 
sized genome, ease of manipulation, high titer, wide target-cell range and/or high infectivity. 
Both ends of the viral genome contain 100-200 base pair inverted repeats (ITRs), which are cis 
elements necessary for viral DNA replication and/or packaging. The early (E) and/or late (L) 
regions of the genome contain different transcription units that are divided by the onset of viral 
DNA replication. The El region (El A and/or E1B) encodes proteins responsible for the 
regulation of transcription of the viral genome and/or a few cellular genes. The expression of the 
E2 region (E2A and/or E2B) results in the synthesis of the proteins for viral DNA replication. 
These proteins are involved in DNA replication, late gene expression and/or host cell shut-off 
(Renan, 1990). The products of the late genes, including the majority of the viral capsid 
proteins, are expressed only after significant processing of a single primary transcript issued by 
the major late promoter (MLP). The MLP (located at 16.8 m.u.) is particularly efficient during 
the late phase of infection, and/or all the mRNA's issued from this promoter possess a 5'- 
tripartite leader (TPL) sequence which makes them preferred mRNA's for translation. 
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[0126] In a current system, recombinant adenovirus is generated from homologous 
recombination between shuttle vector and provirus vector. Due to the possible recombination 
between two proviral vectors, wild-type adenovirus may be generated from this process. 
Therefore, it is critical to isolate a single clone of virus from an individual plaque and/or examine 
its genomic structure. 

[0127] Generation and/or propagation of the current adenovirus vectors, which are replication 
deficient, depend on a unique helper cell line, designated 293, which was transformed from 
human embryonic kidney cells by Ad5 DNA fragments and constitutively expresses El proteins 
(E1A and/or E1B; Graham et al., 1977). Since the E3 region is dispensable from the adenovirus 
genome (Jones and Shenk, 1978), the current adenovirus vectors, with the help of 293 cells, 
carry foreign DNA in either the El, the D3 and both regions (Graham and Prevec, 1991). 
Recently, adenoviral vectors comprising deletions in the E4 region have been described (U.S. 
Patent 5,670,488, incorporated herein by reference). 

[0128] In nature, adenovirus can package approximately 105% of the wild-type genome 
(Ghosh-Choudhury et al., 1987), providing capacity for about 2 extra kb of DNA. Combined 
with the approximately 5.5 kb of DNA that is replaceable in the El and/or E3 regions, the 
maximum capacity of the current adenovirus vector is under 7.5 kb, and/or about 15% of the 
total length of the vector. More than 80% of the adenovirus viral genome remains in the vector 
backbone. 

[0129] Helper cell lines may be derived from human cells such as human embryonic kidney 
cells, muscle cells, hematopoietic cells and other human embryonic mesenchymal and epithelial 
cells. Alternatively, the helper cells may be derived from the cells of other mammalian species 
that are permissive for human adenovirus. Such cells include, e.g., Vero cells and other monkey 
embryonic mesenchymal and/or epithelial cells. As stated above, the preferred helper cell line is 
293. 

[0130] Recently, Racher et al. (1995) disclosed improved methods for culturing 293 cells 
and/or propagating adenovirus. In one format, natural cell aggregates are grown by inoculating 
individual cells into 1 liter siliconized spinner flasks (Techne, Cambridge, UK) containing 
100-200 ml of medium. Following stirring at 40 rpm, the cell viability is estimated with trypan 
blue. In another format, Fibra-Cel microcarriers (Bibby Sterlin, Stone, UK) (5 g/1) is employed 
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as follows. A cell inoculum, resuspended in 5 ml of medium, is added to the carrier (50 ml) in a 
250 ml Erlenmeyer flask and/or left stationary, with occasional agitation, for 1 to 4 h. The 
medium is then replaced with 50 ml of fresh medium and/or shaking initiated. For virus 
production, cells are allowed to grow to about 80% confluence, after which time the medium is 
replaced (to 25% of the final volume) and/or adenovirus added at an MOI of 0.05. Cultures are 
left stationary overnight, following which the volume is increased to 100% and/or shaking 
commenced for another 72 h. 

[0131] Other than the requirement that the adenovirus vector be replication defective, and at 
least conditionally defective, the nature of the adenovirus vector is not believed to be crucial to 
the successful practice of the invention. The adenovirus may be of any of the 42 different known 
serotypes and subgroups A-F. Adenovirus type 5 of subgroup C is the preferred starting material 
in order to obtain the conditional replication-defective adenovirus vector for use in the present 
invention. This is because Adenovirus type 5 is a human adenovirus about which a great deal of 
biochemical and genetic information is known, and it has historically been used for most 
constructions employing adenovirus as a vector. 

[0132] As stated above, the typical vector according to the present invention is replication 
defective and will not have an adenovirus El region. Thus, it will be most convenient to 
introduce the transforming construct at the position from which the El -coding sequences have 
been removed. However, the position of insertion of the construct within the adenovirus 
sequences is not critical to the invention. The polynucleotide encoding the gene of interest may 
also be inserted in lieu of the deleted E3 region in E3 replacement vectors as described by 
Karlsson et al. (1986) and in the E4 region where a helper cell line and helper virus complements 
the E4 defect. 

[0133] Adenovirus growth and/or manipulation is known to those of skill in the art, and/or 
exhibits broad host range in vitro and in vivo. This group of viruses can be obtained in high 
titers, e.g., 109 to 1011 plaque- forming units per ml, and they are highly infective. The life cycle 
of adenovirus does not require integration into the host cell genome. The foreign genes delivered 
by adenovirus vectors are episomal and, therefore, have low genotoxicity to host cells. No side 
effects have been reported in studies of vaccination with wild-type adenovirus (Couch et al., 
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1963; Top et al., 1971), demonstrating their safety and/or therapeutic potential as in vivo gene 
transfer vectors. 

[0134] Adenovirus vectors have been used in eukaryotic gene expression (Levrero et al., 1991; 
Gomez-Foix et al., 1992) and vaccine development (Grunhaus and Horwitz, 1992; Graham and 
Prevec, 1992). Recently, animal studies suggested that recombinant adenovirus could be used 
for gene therapy (Stratford-Perricaudet and Perricaudet, 1991a; Stratford-Perricaudet et al., 
1991b; Rich et al., 1993). Studies in administering recombinant adenovirus to different tissues 
include trachea instillation (Rosenfeld et al., 1991; Rosenfeld et al., 1992), muscle injection 
(Ragot et al., 1993), peripheral intravenous injections (Herz and Gerard, 1993) and/or 
stereotactic inoculation into the brain (Le Gal La Salle et al., 1993). Recombinant adenovirus 
and adeno-associated virus (see below) can both infect and transduce non-dividing human 
primary cells. 

2. AAV Vectors 

[0135] Adeno-associated virus (AAV) is an attractive vector system for use in the cell 
transduction of the present invention as it has a high frequency of integration and it can infect 
nondividing cells, thus making it useful for delivery of genes into mammalian cells, for example, 
in tissue culture (Muzyczka, 1992) and in vivo. AAV has a broad host range for infectivity 
(Tratschin et al., 1984; Laughlin et al., 1986; Lebkowski et al., 1988; McLaughlin et al., 1988). 
Details concerning the generation and use of rAAV vectors are described in U.S. Patent No. 
5,139,941 and/or U.S. Patent No. 4,797,368, each incorporated herein by reference. 

[0136] Studies demonstrating the use of AAV in gene delivery include LaFace et al. (1988); 
Zhou et al. (1993); Flotte et al. (1993); and Walsh et al. (1994). Recombinant AAV vectors have 
been used successfully for in vitro and/or in vivo transduction of marker genes (Kaplitt et al., 
1994; Lebkowski et al., 1988; Samulski et al., 1989; Yoder et al., 1994; Zhou et al., 1994; 
Hermonat and Muzyczka, 1984; Tratschin et al., 1985; McLaughlin et al., 1988) and genes 
involved in human diseases (Flotte et al., 1992; Luo et al., 1994; Ohi et al., 1990; Walsh et al., 
1994; Wei et al., 1994). Recently, an AAV vector has been approved for phase I human trials for 
the treatment of cystic fibrosis. 
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[0137] AAV is a dependent parvovirus in that it requires coinfection with another virus (either 
adenovirus and a member of the herpes virus family) to undergo a productive infection in 
cultured cells (Muzyczka, 1992). In the absence of coinfection with helper virus, the wild type 
AAV genome integrates through its ends into human chromosome 1 9 where it resides in a latent 
state as a pro virus (Kotin et al., 1990; Samulski et al., 1991). rAAV, however, is not restricted to 
chromosome 19 for integration unless the AAV Rep protein is also expressed (Shelling and 
Smith, 1 994). When a cell carrying an AAV pro virus is superinfected with a helper virus, the 
AAV genome is "rescued" from the chromosome and from a recombinant plasmid, and/or a 
normal productive infection is established (Samulski et al., 1989; McLaughlin et al., 1988; Kotin 
et al., 1990; Muzyczka, 1992). 

[0138] Typically, recombinant AAV (rAAV) virus is made by cotransfecting a plasmid 
containing the gene of interest flanked by the two AAV terminal repeats (McLaughlin et al., 
1988; Samulski et al., 1989; each incorporated herein by reference) and/or an expression plasmid 
containing the wild type AAV coding sequences without the terminal repeats, for example 
pIM45 (McCarty et al., 1991; incorporated herein by reference). The cells are also infected and 
transfected with adenovirus and plasmids carrying the adenovirus genes required for AAV helper 
function. rAAV virus stocks made in such fashion are contaminated with adenovirus which must 
be physically separated from the rAAV particles (for example, by cesium chloride density 
centrifugation). Alternatively, adenovirus vectors containing the AAV coding regions and cell 
lines containing the AAV coding regions and some and all of the adenovirus helper genes could 
be used (Yang et al., 1994; Clark et al., 1995). Cell lines carrying the rAAV DNA as an 
integrated pro virus can also be used (Flotte et al., 1995). 

3. Retroviral Vectors 

[0139] Retroviruses have promise as gene delivery vectors due to their ability to integrate their 
genes into the host genome, transferring a large amount of foreign genetic material, infecting a 
broad spectrum of species and cell types and of being packaged in special cell-lines (Miller, 
1992). 

[0140] The retroviruses are a group of single-stranded RNA viruses characterized by an ability 
to convert their RNA, to double-stranded DNA in infected cells by a process of reverse- 
transcription (Coffin, 1990). The resulting DNA then stably integrates into cellular 
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chromosomes as a provirus and/or directs synthesis of viral proteins. The integration results in 
the retention of the viral gene sequences in the recipient cell and/or its descendants. The 
retroviral genome contains three genes, gag, pol, and/or env that code for capsid proteins, 
polymerase enzyme, and envelope components, respectively. A sequence found upstream from 
the gag gene contains a signal for packaging of the genome into virions. Two long terminal 
repeat (LTR) sequences are present at the 5' and 3' ends of the viral genome. These contain 
strong promoter and enhancer sequences and are also required for integration in the host cell 
genome (Coffin, 1990). 

[0141] In order to construct a retroviral vector, a nucleic acid encoding a gene of interest is 
inserted into the viral genome in the place of certain viral sequences to produce a virus that is 
replication-defective. In order to produce virions, a packaging cell line containing the gag, pol, 
and env genes but without the LTR and packaging components is constructed (Mann et al., 
1983). When a recombinant plasmid containing a cDNA, together with the retroviral LTR and 
packaging sequences is introduced into this cell line (by calcium phosphate precipitation for 
example), the packaging sequence allows the RNA transcript of the recombinant plasmid to be 
packaged into viral particles, which are then secreted into the culture media (Nicolas and 
Rubenstein, 1988; Temin, 1986; Mann et al., 1983). The media containing the recombinant 
retroviruses is then collected, optionally concentrated, and used for gene transfer. Retroviral 
vectors are able to infect a broad variety of cell types. However, integration and/or stable 
expression require the division of host cells (Paskind et al., 1975). 

[0142] Concern with the use of defective retrovirus vectors is the potential appearance of wild- 
type replication-competent virus in the packaging cells. This can result from recombination 
events in which the intact sequence from the recombinant virus inserts upstream from the gag, 
pol, env sequence integrated in the host cell genome. However, new packaging cell lines are 
now available that should greatly decrease the likelihood of recombination (Markowitz et al., 
1988; Hersdorffer et al., 1990). 

[0143] Gene delivery using second generation retroviral vectors has been reported. Kasahara 
et al. (1994) prepared an engineered variant of the Moloney murine leukemia virus, that normally 
infects only mouse cells, and modified an envelope protein so that the virus specifically bound 
to, and infected, human cells bearing the erythropoietin (EPO) receptor. This was achieved by 
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inserting a portion of the EPO sequence into an envelope protein to create a chimeric protein 
with a new binding specificity. 

4. Other Viral Vectors 
[0144] Other viral vectors may be employed as expression constructs in the present invention. 

Vectors derived from viruses such as vaccinia virus (Ridgeway, 1988; Baichwal and Sugden, 

1986; Coupar et al., 1988), sindbis virus, cytomegalovirus and/or herpes simplex virus may be 

employed. They offer several attractive features for various mammalian cells (Friedmann, 1989; 

Ridgeway, 1988; Baichwal and Sugden, 1986; Coupar et al., 1988; Horwich et al., 1990). 

[0145] With the recent recognition of defective hepatitis B viruses, new insight was gained into 
the structure-function relationship of different viral sequences. In vitro studies showed that the 
virus could retain the ability for helper-dependent packaging and reverse transcription despite the 
deletion of up to 80% of its genome (Horwich et al., 1990). This suggested that large portions of 
the genome could be replaced with foreign genetic material. Chang et al. recently introduced the 
chloramphenicol acetyltransferase (CAT) gene into duck hepatitis B virus genome in the place of 
the polymerase, surface, and/or pre-surface coding sequences. It was cotransfected with wild- 
type virus into an avian hepatoma cell line. Culture media containing high titers of the 
recombinant virus were used to infect primary duckling hepatocytes. Stable CAT gene 
expression was detected for at least 24 days after transfection (Chang et al., 1991). 

[0146] In certain further embodiments, the gene therapy vector will be HSV. A factor that 
makes HSV an attractive vector is the size and organization of the genome. Because HSV is 
large, incorporation of multiple genes and expression cassettes is less problematic than in other 
smaller viral systems. In addition, the availability of different viral control sequences with 
varying performance (temporal, strength, etc.) makes it possible to control expression to a greater 
extent than in other systems. It also is an advantage that the virus has relatively few spliced 
messages, further easing genetic manipulations. HSV also is relatively easy to manipulate and/or 
can be grown to high titers. Thus, delivery is less of a problem, both in terms of volumes needed 
to attain sufficient MOI and in a lessened need for repeat dosings. 
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5. Modified Viruses 

[0147] In still further embodiments of the present invention, the nucleic acids to be delivered 
are housed within an infective virus that has been engineered to express a specific binding 
ligand. The virus particle will thus bind specifically to the cognate receptors of the target cell 
and deliver the contents to the cell. A novel approach designed to allow specific targeting of 
retrovirus vectors was recently developed based on the chemical modification of a retrovirus by 
the chemical addition of lactose residues to the viral envelope. This modification can permit the 
specific infection of hepatocytes via sialoglycoprotein receptors. 

[0148] Another approach to targeting of recombinant retroviruses was designed in which 
biotinylated antibodies against a retroviral envelope protein and/or against a specific cell receptor 
were used. The antibodies were coupled via the biotin components by using streptavidin (Roux 
et al., 1989). Using antibodies against major histocompatibility complex class I and class II 
antigens, they demonstrated the infection of a variety of human cells that bore those surface 
antigens with an ecotropic virus in vitro (Roux et al., 1989). 

B. Other Methods of DNA Delivery 

[0149] In various embodiments of the invention, DNA is delivered to a cell as an expression 
construct. In order to effect expression of a gene construct, the expression construct must be 
delivered into a cell. As described herein, the preferred mechanism for delivery is via viral 
infection, where the expression construct is encapsidated in an infectious viral particle. 
However, several non-viral methods for the transfer of expression constructs into cells also are 
contemplated by the present invention. In one embodiment of the present invention, the 
expression construct may consist only of naked recombinant DNA and/or plasmids. Transfer of 
the construct may be performed by any of the methods mentioned which physically and/or 
chemically permeabilize the cell membrane. Some of these techniques may be successfully 
adapted for in vivo and/or ex vivo use, as discussed below. 

C. Liposome-Mediated Transfection 

[0150] In a further embodiment of the invention, the expression construct may be entrapped in 
a liposome. Liposomes are vesicular structures characterized by a phospholipid bilayer 
membrane and/or an inner aqueous medium. Multilamellar liposomes have multiple lipid layers 
separated by aqueous medium. They form spontaneously when phospholipids are suspended in 
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an excess of aqueous solution. The lipid components undergo self-rearrangement before the 
formation of closed structures and/or entrap water and/or dissolved solutes between the lipid 
bilayers (Ghosh and Bachhawat, 1991). Also contemplated is an expression construct 
complexed with Lipofectamine (Gibco BRL). 

[0151] Liposome-mediated nucleic acid delivery and expression of foreign DNA in vitro has 
been very successful (Nicolau and Sene, 1982; Fraley et al., 1979; Nicolau et al., 1987). Wong 
et al. (1980) demonstrated the feasibility of liposome-mediated delivery and/or expression of 
foreign DNA in cultured chick embryo, HeLa and hepatoma cells. 

[0152] In certain embodiments of the invention, the liposome may be complexed with a 
hemagglutinating virus (HVJ). This has been shown to facilitate fusion with the cell membrane 
and/or promote cell entry of liposome-encapsulated DNA (Kaneda et al., 1989). In other 
embodiments, the liposome may be complexed and/or employed in conjunction with nuclear 
non-histone chromosomal proteins (HMG-1) (Kato et al., 1991). In yet further embodiments, the 
liposome may be complexed and/or employed in conjunction with both HVJ and HMG-1. In 
other embodiments, the delivery vehicle may comprise a ligand and a liposome. Where a 
bacterial promoter is employed in the DNA construct, it also will be desirable to include within 
the liposome an appropriate bacterial polymerase. 

[0153] The inventors contemplate that neu-suppressing gene products can be introduced into 
cells using liposome-mediated gene transfer. It is proposed that such constructs can be coupled 
with liposomes and directly introduced via a catheter, as described by Nabel et al. (1990). By 
employing these methods, the neu-suppressing gene products can be expressed efficiently at a 
specific site in vivo, not just the liver and spleen cells which are accessible via intravenous 
injection. Therefore, this invention also encompasses compositions of DNA constructs encoding 
a neu-suppressing gene product formulated as a DNA/liposome complex and methods of using 
such constructs. 

[0154] As described in U.S. Patent No. 5,641,484, liposomes are particularly well suited for 
the treatment of HER2/neu-mediated cancer 

a. Preparation of liposomes 
[0155] Catatonic liposomes that are efficient transfection reagents for Bik for animal cells can 

be prepared using the method of Gao et al. (1991). Gao et al. describes a novel catatonic 
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cholesterol derivative that can be synthesized in a single step. Liposomes made of this lipid are 
reportedly more efficient in transfection and less toxic to treated cells than those made with the 
reagent Lipofectin. These lipids are a mixture of DC-Choi ("SDCN-CN'N'-dimethylaminoethane)- 
carbamoyl cholesterol") and DOPE ("dioleoylphosphatidylethanolamine"). The steps in 
producing these liposomes are as follows. 

[0156] DC-Choi is synthesized by a simple reaction from cholesteryl chloroformate and N,N- 
Dimethylethylenediamine. A solution of cholesteryl chloroformate (2.25g, 5 mmol in 5ml dry 
chloroform) is added dropwise to a solution of excess N,N-Dimethylethylenediamine (2 ml, 18.2 
mmol in 3ml dry chloroform) at 0°C. Following removal of the solvent by evaporation, the 
residue is purified by recrystallization in absolute ethanol at 4°C. and dried in vacuo. The yield is 
a white powder of DC-Choi. 

[0157] Cationic liposomes are prepared by mixing 1.2 Dmol of DC-Choi and 8.0 Dmol of 
DOPE in chloroform. This mixture is then dried, vacuum desiccated, and resuspended in 1 ml 
sterol 20 mM Hepes buffer (pH 7.8) in a tube. After 24 hours of hydration at 4°C, the dispersion 
is sonicated for 5-10 minutes in a sonicator form liposomes with an average diameter of 150-200 
nm. 

[0158] To prepare a liposome/DNA complex, the inventors use the following steps. The DNA 
to be transfected is placed in DMEM/F12 medium in a ratio of 15 |ag DNA to 50 |il DMEM/F12. 
DMEM/F12 is then used to dilute the DC-Chol/DOPE liposome mixture to a ratio of 50 ^il 
DMEZM/F12 to 100 jlxI liposome. The DNA dilution and the liposome dilution are then gently 
mixed, and incubated at 37°C for 10 minutes. Following incubation, the DNA/liposome complex 
is ready for injection. 

[0159] Liposomal transfection can be via liposomes composed of, for example, 

phosphatidylcholine (PC), phosphatidylserine (PS), cholesterol (Choi), N-[l-(2,3- 
dioleyloxy)propyl]-N,N-trimethylammonium chloride (DOTMA), 

dioleoylphosphatidylethanolamine (DOPE), and/or 3 .beta.fN-^'N'-dimethylaminoethane)- 
carbarmoyl cholesterol (DC-Choi), as well as other lipids known to those of skill in the art. 
Those of skill in the art will recognize that there are a variety of liposomal transfection 
techniques that will be useful in the present invention. Among these techniques are those 
described in Nicolau et al., 1987, Nabel et al., 1990, and Gao et al., 1991. In a specific 
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embodiment, the liposomes comprise DC-Choi. More particularly, the inventors the liposomes 
comprise DC-Choi and DOPE that have been prepared following the teaching of Gao et al. 
(1991) in the manner described in the Preferred Embodiments Section. The inventors also 
anticipate utility for liposomes comprised of DOTMA, such as those that are available 
commercially under the trademark LipofectinTM, from Vical, Inc., in San Diego, Calif. 

[0160] Liposomes may be introduced into contact with cells to be transfected by a variety of 
methods. In cell culture, the liposome-DNA complex can simply be dispersed in the cell culture 
solution. For application in vivo, liposome-DNA complex are typically injected. Intravenous 
injection allow liposome-mediated transfer of DNA complex, for example, the liver and the 
spleen. In order to allow transfection of DNA into cells that are not accessible through 
intravenous injection, it is possible to directly inject the liposome-DNA complexes into a specific 
location in an animal's body. For example, Nabel et al. teach injection via a catheter into the 
arterial wall. In another example, the inventors have used intraperitoneal injection to allow for 
gene transfer into mice. 

[0161] The present invention also contemplates compositions comprising a liposomal complex. 
This liposomal complex will comprise a lipid component and a DNA segment encoding a nucleic 
acid encoding a mutant form of Bik. The nucleic acid encoding the mutant form of Bik employed 
in the liposomal complex can be, for example, one that encodes Bik-T145A or Bik-T145D. 

[0162] The lipid employed to make the liposomal complex can be any of the above-discussed 
lipids. In particular, DOTMA, DOPE, and/or DC-Choi may form all or part of the liposomal 
complex. The inventors have had particular success with complexes comprising DC-Choi. In a 
preferred embodiment, the lipid will comprise DC-Choi and DOPE. While any ratio of DC-Choi 
to DOPE is anticipated to have utility, it is anticipated that those comprising a ratio of DC- 
Chol:DOPE between 1:20 and 20:1 will be particularly advantageous. The inventors have found 
that liposomes prepared from a ratio of DC-Chol:DOPE of about 1:10 to about 1:5 have been 
useful. 

[0163] In a specific embodiment, one employs the smallest region needed to enhance retention 
of Bik in the nucleus of a cell so that one is not introducing unnecessary DNA into cells which 
receive a Bik gene construct. Techniques well known to those of skill in the art, such as the use 
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of restriction enzymes, will allow for the generation of small regions of Bik. The ability of these 
regions to inhibit neu can easily be determined by the assays reported in the Examples. 

[0164] In certain embodiments of the invention, the liposome may be complexed with a 
hemagglutinatin virus (HVJ). This has been shown to facilitate fusion with the cell membrane 
and promote cell entry of liposome-encapsulated DNA (Kaneda et al., 1989). In other 
embodiments, the liposome may be complexed or employed in conjunction with nuclear non- 
histone chromosomal proteins (HMG-1) (Kato et al., 1991). In yet further embodiments, the 
liposome may be complexed or employed in conjunction with both HVJ and HMG-1. In that 
such expression constructs have been successfully employed in transfer and expression of 
nucleic acid in vitro and in vivo, then they are applicable for the present invention. Where a 
bacterial promoter is employed in the DNA construct, it also will be desirable to include within 
the liposome an appropriate bacterial polymerase. 

b. In Vivo Treatment of Cancer Via Liposomes with Bik Mutants 
[0165] Based on the teachings provided herein, a skilled artisan recognizes that any cell may 

be treated with at least one Bik mutant, and in particular embodiments, any cancer cell may be 

treated with such. For example, in some embodiments the nature of the treated cell is 

irrespective of being HER2/neu-positive or HER2/neu-negative. However, in one specific 

embodiment it is HER2/neu -positive. 

[0166] U.S. Patent No. 5,641,484, incorporated in its entirety by reference herein, teaches that 
liposome-mediated direct gene transfer techniques can be employed to obtain suppression of 
HER2/neu-overexpressing human cancer cells in living host. The protocol for described therein 
was as follows. Female nude mice (5-6 weeks old) were given intraperitoneal injections of SK- 
OV-3 cells (2x106 /1 00 |il). SK-OV-3 cells are human ovarian cancer cells that have been shown 
to grow within the peritoneal cavity of nude mice. After five days, the mice were given 
intraperitoneal injections of various compounds. Some mice were injected with the therapeutic 
DNA alone, some were injected with liposome/ therapeutic DNA complex prepared in the 
manner described above, and some were injected with liposome/mutant therapeutic DNA 
complex. 200 jal of a given compound was injected into a given mouse. After the initial 
injections, injections were repeated every seven days throughout the life of the mouse. 



25394503.1 



50 



ER 509324339US 



Docket No.: AH-UTSC:791US 

[0167] The results described therein indicate that liposome-mediated gene transfer can inhibit 
HER2/neu-overexpressing human ovarian cancer cell growth. Therefore, it is predictable that 
liposome-mediated mutant Bik gene therapy may serve as a powerful therapeutic agent for HER- 
2 neu-overexpressing human ovarian cancers by direct targeting of mutant Bik at the HER-2 neu- 
oncogene. 

c. Liposomal Transfection With Mutant Bik to Treat Humans 
[0168] Based on the results of the in vivo animal studies described in U.S. Patent No. 

5,641,484, those of skill in the art will understand and predict the enormous potential for human 

treatment of HER2/neu-mediated cancers with Bik T33D, S35D, and/or T33DS35D DNA 

complexed to liposomes. Clinical studies to demonstrate these affects are contemplated. Those of 

skill in the art will recognize that the best treatment regimens for using Bik T33D, S35D, and/or 

T33DS35D to suppress HER2/neu-mediated cancers can be straightforwardly determined. This 

is not a question of experimentation, but rather one of optimization, which is routinely conducted 

in the medical arts. In vivo studies in nude mice provide a starting point from which to begin to 

optimize the dosage and delivery regimes. The frequency of injection is initially once a week, as 

was done in the mice studies described in U.S. Patent No. 5,641,484. However, this frequency 

might be optimally adjusted from one day to every two weeks to monthly, depending upon the 

results obtained from the initial clinical trials and the needs of a particular patient. Human dosage 

amounts can initially be determined by extrapolating from the amount of Bik T33D, S35D, 

and/or T33DS35D used in mice, approximately 15 \ig of plasmid DNA per 50 g body weight. 

Based on this, a 50 kg woman would require treatment with 15 mg of DNA per dose. Of course, 

this dosage amount may be adjusted upward or downward, as is routinely done in such treatment 

protocols, depending on the results of the initial clinical trials and the needs of a particular 

patient. These clinical trials are anticipated to show utility of Bik T33D, S35D, and/or 

T33DS35D and other neu-suppressing gene products for the treatment of HER2/neu- 

overexpressing cancers in humans. Dosage and frequency regimes will initially be based on the 

data obtained from in vivo animal studies, as is done frequently in the art. 

D. Electroporation 

[0169] In certain embodiments of the present invention, the expression construct is introduced 
into the cell via electroporation. Electroporation involves the exposure of a suspension of cells 
and/or DNA to a high-voltage electric discharge. 
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[0170] Transfection of eukaryotic cells using electroporation has been quite successful. Mouse 
pre-B lymphocytes have been transfected with humankappa-immunoglobulin genes (Potter et al., 
1984), and/or rat hepatocytes have been transfected with the chloramphenicol acetyltransferase 
gene (Tur-Kaspa et al., 1986) in this manner. 

E. Calcium Phosphate and/or DEAE-Dextran 

[0171] In other embodiments of the present invention, the expression construct is introduced to 
the cells using calcium phosphate precipitation. HumanKB cells have been transfected with 
adenovirus 5 DNA (Graham and Van Der Eb, 1973) using this technique. Also in this manner, 
mouse L(A9), mouse CI 27, CHO, CV-1, BHK, NIH3T3 and/or HeLa cells were transfected with 
a neomycin marker gene (Chen and Okayama, 1987), and/or rat hepatocytes were transfected 
with a variety of marker genes (Rippe et al., 1990). 

[0172] In another embodiment, the expression construct is delivered into the cell using 
DEAE-dextran followed by polyethylene glycol. In this manner, reporter plasmids were 
introduced into mouse myeloma and/or erythroleukemia cells (Gopal, 1985). 

F. Particle Bombardment 

[0173] Another embodiment of the invention for transferring a naked DNA expression 
construct into cells may involve particle bombardment. This method depends on the ability to 
accelerate DNA-coated microprojectiles to a high velocity allowing them to pierce cell 
membranes and/or enter cells without killing them (Klein et al., 1987). Several devices for 
accelerating small particles have been developed. One such device relies on a high voltage 
discharge to generate an electrical current, which in turn provides the motive force (Y ang et al., 
1990). The microprojectiles used have consisted of biologically inert substances such as 
tungsten and/or gold beads. 

G. Direct Microinjection and/or Sonication Loading 

[0174] Further embodiments of the present invention include the introduction of the expression 
construct by direct microinjection and/or sonication loading. Direct microinjection has been 
used to introduce nucleic acid constructs into Xenopus oocytes (Harland and Weintraub, 1985), 
and/or LTK- fibroblasts have been transfected with the thymidine kinase gene by sonication 
loading (Fechheimer et al., 1987). 
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H. Adenoviral Assisted Transfection 
[0175] In certain embodiments of the present invention, the expression construct is introduced 
into the cell using adenovirus assisted transfection. Increased transfection efficiencies have been 
reported in cell systems using adenovirus coupled systems (Kelleher and Vos, 1994; Cotten et 
al., 1992;Curiel, 1994). 

V. Combination Treatments 

[0176] In order to increase the effectiveness of a mutant form of Bik, or expression construct 
coding therefore, it may be desirable to combine these compositions with other agents effective 
in the treatment of hyperproliferative disease, such as anti-cancer agents. An "anti-cancer" agent 
is capable of negatively affecting cancer in a subject, for example, by killing cancer cells, 
inducing apoptosis in cancer cells, reducing the growth rate of cancer cells, reducing the 
incidence or number of metastases, reducing tumor size, inhibiting tumor growth, reducing the 
blood supply to a tumor or cancer cells, promoting an immune response against cancer cells or a 
tumor, preventing or inhibiting the progression of cancer, or increasing the lifespan of a subject 
with cancer. More generally, these other compositions would be provided in a combined amount 
effective to kill or inhibit proliferation of the cell. This process may involve contacting the cells 
with the expression construct and the agent(s) or multiple factor(s) at the same time. This may 
be achieved by contacting the cell with a single composition or pharmacological formulation that 
includes both agents, or by contacting the cell with two distinct compositions or formulations, at 
the same time, wherein one composition includes the expression construct and the other includes 
the second agent(s). 

[0177] Tumor cell resistance to chemotherapy and radiotherapy agents represents a major 
problem in clinical oncology. One goal of current cancer research is to find ways to improve the 
efficacy of chemo- and radiotherapy by combining it with gene therapy. For example, the herpes 
simplex-thymidine kinase (HS-tK) gene, when delivered to brain tumors by a retroviral vector 
system, successfully induced susceptibility to the antiviral agent ganciclovir (Culver et al., 1992). 
In the context of the present invention, it is contemplated that Bik gene therapy could be used 
similarly in conjunction with chemotherapeutic, radiotherapeutic, or immunotherapeutic 
intervention, in addition to other pro-apoptotic or cell cycle regulating agents. 
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[0178] Alternatively, the gene therapy may precede or follow the other agent treatment by 
intervals ranging from minutes to weeks. In embodiments where the other agent and expression 
construct are applied separately to the cell, one would generally ensure that a significant period 
of time did not expire between the time of each delivery, such that the agent and expression 
construct would still be able to exert an advantageously combined effect on the cell. In such 
instances, it is contemplated that one may contact the cell with both modalities within about 12- 
24 h of each other and, more preferably, within about 6-12 h of each other. In some situations, it 
may be desirable to extend the time period for treatment significantly, however, where several d 
(2, 3, 4, 5, 6 or 7) to several wk (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective 
administrations. 

[0179] Various combinations may be employed, gene therapy is "A" and the secondary agent, 
such as radio- or chemotherapy, is "B": 

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B 
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A 
B/A/B/A B/A/A/B A/ A/A/B B/A/A/A A/B/A/A A/ A/B/A 

[0180] Administration of the therapeutic expression constructs of the present invention to a 
patient will follow general protocols for the administration of chemotherapeutics, taking into 
account the toxicity, if any, of the vector. It is expected that the treatment cycles would be 
repeated as necessary. It also is contemplated that various standard therapies, as well as surgical 
intervention, may be applied in combination with the described hyperproliferative cell therapy. 

A. Chemotherapy 

[0181] A skilled artisan recognizes that in addition to the Bik mutant forms described herein 
for the purpose of inhibiting cell growth, other chemotherapeutic agents are useful in the 
treatment of neoplastic disease. Examples of such chemotherapeutic agents are described in the 
following Table 4. 

[0182] Cancer therapies include a variety of combination therapies with both chemical and 
radiation based treatments. Exemplary embodiments include, for example, cisplatin (CDDP), 
carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin, ifosfamide, 
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melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin, 
bleomycin, plicomycin, mitomycin, etoposide (VP 16), tamoxifen, raloxifene, estrogen receptor 
binding agents, taxol, gemcitabien, navelbine, farnesyl-protein tansferase inhibitors, 
transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog or derivative 
variant of the foregoing. 



Table 4-Chemotherapeutic Agents Useful In Neoplastic Disease 



CLASS 


TYPE OF 
AGENT 


NONPROPRIETAR 
Y NAMES 
(OTHER NAMES) 


DISEASE 


Alkylating 
Agents 


Nitrogen 
Mustards 


Mechlorethamine 
(HN2) 


Hodgkin's disease, 

non-Hodgkin's 

lymphomas 


Cyclophosphamide 
Ifosfamide 


Acute and chronic 
lymphocytic leukemias, 
Hodgkin's disease, 
non-Hodgkin's 

iy nijjinjiiicio, liiuiLipic 
mvplnma ■npiirohlasfoma 
breast, ovary, lung, Wilms* 
tumor, cervix, testis, 
soft-tissue sarcomas 


Melphalan 
(1-sarcolysin) 


Multiple myeloma, breast, 
ovary 


Chlorambucil 


Chronic lymphocytic 
leukemia, primary 
macroglobulinemia, 
Hodgkin's disease, 
non-Hodgkin's 
lymphomas 


Ethylenimenes 
and 

Methylmela- 
mines 


Hexamethylmelamine 


Ovary 


Thiotepa 


Bladder, breast, ovary 


Alkyl 
Sulfonates 


Busulfan 


Chronic granulocytic 
leukemia 




Carmustine (BCNU) 


Hodgkin's disease, 
non-Hodgkin's 
lymphomas, primary brain 
tumors, multiple myeloma, 
malignant melanoma 
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CLASS 


TYPE OF 
AGENT 


NONPROPRIETAR 
Y NAMES 
(OTHER NAMES) 


DISEASE 




Nitrosoureas 


Lomustine (CCNU) 


Hodgkin's disease, 
non-Hodgkin's 
lymphomas, primary brain 
tumors, small-cell lung 


Semustine 
(methyLCCNU) 


Primary brain tumors, 
stomach, colon 


Streptozocin 
(streptozotocin) 


Malignant pancreatic 
insulinoma, malignant 
carcinoid 


Triazines 


Dacarbazine (DTIC; 

dimethyltriazenoimida 

zolecarboxamide) 


Malignant melanoma, 
Hodgkin's disease, 
soft-tissue sarcomas 


Antimetabolite 

s 

Antimetabolite 
s continued 


Folic Acid 
Analogs 


Methotrexate 
(amethopterin) 


Acute lymphocytic 
leukemia, 

choriocarcinoma, mycosis 
fungoides, breast, head 
and neck, lung, osteogenic 
sarcoma 


Pyrimidine 
Analogs 


Fluouracil 

(5-fluorouracil; 5-FU) 
Floxuridine 
(fluorode-oxyuridine; 
FUdR) 


Breast, colon, stomach, 
pancreas, ovary, head and 
neck, urinary bladder, 
premalignant skin lesions 
(topical) 


Cytarabine (cytosine 
arabinoside) 


Acute granulocytic and 
acute lymphocytic 
leukemias 


Purine Analogs 
and Related 
Inhibitors 


Mercaptopurine 

(6-mercaptopurine; 

6*MP) 


Acute lymphocytic, acute 
granulocytic and chronic 
granulocytic leukemias 


Thioguanine 
(6-thioguanine; TG) 


Acute granulocytic, acute 
lymphocytic and chronic 
granulocytic leukemias 


Pentostatin 

(2 -deoxycoformycin) 


Hairy cell leukemia, 
mycosis fungoides, chronic 
lymphocytic leukemia 






Vinblastine (VLB) 


Hodgkin's disease, 
non-Hodgkin's 
lymphomas, breast, testis 



25394503.1 



56 



ER 509324339US 



Docket No.: AH-UTSC:791US 



CLASS 


TYPE OF 
AGENT 


NONPROPRIETAR 
Y NAMES 
(OTHER NAMES) 


DISEASE 


Natural 
Products 

Natural 

Products, 

continued 


Vinca Alkaloids 


Vincristine 


Acute lymphocytic 
leukemia, neuroblastoma, 
Wilms' tumor, 
rhabdomyosarcoma, 
Hodgkin's disease, 
non-Hodgkin's 
lymphomas, small-cell 
lung 


Epipodophyllot 
oxins 


Etoposide 
Tertiposide 


Testis, small-cell lung and 
other lung, breast, 
Hodgkin's disease, 
non-Hodgkin's 
lymphomas, acute 
granulocytic leukemia, 
Kaposi's sarcoma 


Antibiotics 

Antibiotics, 
continued 


Dactinomycin 
(actinomycin D) 


Choriocarcinoma, Wilms' 
tumor, 

rhabdomyosarcoma, testis, 
Kaposi's sarcoma 


Daunorubicin 
(daunomycin; 
rubidomycin) 


Acute granulocytic and 
acute lymphocytic 
leukemias 


Doxorubicin 


Soft-tissue, osteogenic and 
other sarcomas; Hodgkin's 
disease, non-Hodgkin's 
lymphomas, acute 
leukemias, breast, 
genitourinary, thyroid, 
lung, stomach, 
neuroblastoma 


Bleomycin 


Testis, head and neck, 
skin, esophagus, lung and 
genitourinary tract; 
Hodgkin's disease, 
non-Hodgkin's 
lymphomas 


Plicamycin 
(mithramycin) 


Testis, malignant 
hypercalcemia 


Mitomycin 
(mitomycin C) 


Stomach, cervix, colon, 
breast, pancreas, bladder, 
head and neck 
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CLASS 


TYPE OF 
AGENT 


NONPROPRIETAR 
Y NAMES 
(OTHER NAMES) 


DISEASE 




Enzymes 


1-Asparaginase 


Acute lymphocytic 
leukemia 


Biological 
Response 
Modifiers 


Interferon alfa 


Hairy cell leukemia., 
Kaposi's sarcoma, 
melanoma, carcinoid, 
renal cell, ovary, bladder, 
non^Hodgkin's 
lymphomas, mycosis 
fungoides, multiple 
myeloma, chronic 
granulocytic leukemia 


Miscellaneous 
Agents 


Platinum 

Coordination 

Complexes 


Cisplatin (cis-DDP) 
Carboplatin 


Testis, ovary, bladder, 
head and neck, lung, 
thyroid, cervix, 
endometrium, 
neuroblastoma, osteogenic 
sarcoma 


Anthracenedio 
ne 


Mitoxantrone 


Acute granulocytic 
leukemia, breast 


Substituted 
Urea 


Hydroxyurea 


Chronic granulocytic 
leukemia, polycythemia 
vera, essental 
thrombocytosis, malignant 
melanoma 


Methyl 

Hydrazine 

Derivative 


Procarbazine 

(N-methylhydrazine, 

MIH) 


Hodgkin's disease 


Adrenocortical 
Suppressant 


Mitotane (o,p'-DDD) 


Adrenal cortex 


Aminoglutethimide 


Breast 


Hormones and 
Antagonists 


Adrenocorti 
costeroids 


Prednisone (several 
other equivalent 
preparations 
available) 


Acute and chronic 
lymphocytic leukemias, 
non-Hodgkin's 
lymphomas, Hodgkin's 
disease, breast 


Progestins 


Hydroxyprogesterone 
caproate 

Medroxyprogesterone 
acetate 

Megestrol acetate 


Endometrium, breast 
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CLASS 


TYPE OF 
AGENT 


NONPROPRIETAR 
Y NAMES 
(OTHER NAMES) 


DISEASE 




Estrogens 


Diethylstilbestrol 
Ethinyl estradiol 
(other preparations 
available) 


Breast, prostate 


Antiestrogen 


Tamoxifen 


Breast 


Androgens 


Testosterone 
propionate 
Fluoxymesterone 
(other preparations 
available) 


Breast 


Antiandrogen 


Flutamide 


Prostate 


Gonadotropin^ 
releasing 
hormone analog 


Leuprolide 


Prostate 



B. Radiotherapy 

[0183] Other factors that cause DNA damage and have been used extensively include what are 
commonly known as d-rays, X-rays, and/or the directed delivery of radioisotopes to tumor cells. 
Other forms of DNA damaging factors are also contemplated such as microwaves and UV- 
irradiation. It is most likely that all of these factors effect a broad range of damage on DNA, on 
the precursors of DNA, on the replication and repair of DNA, and on the assembly and 
maintenance of chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200 
roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 roentgens. 
Dosage ranges for radioisotopes vary widely, and depend on the half-life of the isotope, the 
strength and type of radiation emitted, and the uptake by the neoplastic cells. 

[0184] The terms "contacted" and "exposed," when applied to a cell, are used herein to 
describe the process by which a therapeutic construct and a chemotherapeutic or radiotherapeutic 
agent are delivered to a target cell or are placed in direct juxtaposition with the target cell. To 
achieve cell killing or stasis, both agents are delivered to a cell in a combined amount effective to 
kill the cell or prevent it from dividing. 
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C. Immunotherapy 

[0185] Immunotherapeutics, generally, rely on the use of immune effector cells and molecules 
to target and destroy cancer cells. The immune effector may be, for example, an antibody 
specific for some marker on the surface of a tumor cell. The antibody alone may serve as an 
effector of therapy or it may recruit other cells to actually effect cell killing. The antibody also 
may be conjugated to a drug or toxin (chemotherapeutic, radionuclide, ricin A chain, cholera 
toxin, pertussis toxin, etc.) and serve merely as a targeting agent. Alternatively, the effector may 
be a lymphocyte carrying a surface molecule that interacts, either directly or indirectly, with a 
tumor cell target. Various effector cells include cytotoxic T cells and NK cells. 

[0186] Immunotherapy, thus, could be used as part of a combined therapy, in conjunction with 
Ad-Bik gene therapy. The general approach for combined therapy is discussed below. 
Generally, the tumor cell must bear some marker that is amenable to targeting, i.e., is not present 
on the majority of other cells. Many tumor markers exist and any of these may be suitable for 
targeting in the context of the present invention. Common tumor markers include 
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fetal 
antigen, tyrosinase (p97), gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP, 
estrogen receptor, laminin receptor, erb B and pi 55. 

D. Genes 

[0187] In yet another embodiment, the secondary treatment is a secondary gene therapy in 
which a second therapeutic polynucleotide is administered before, after, or at the same time a 
first therapeutic polynucleotide encoding all of part of a mutant form of Bik. Delivery of a 
vector encoding either a full length or truncated mutant form of Bik in conjuction with a second 
vector encoding one of the following gene products will have a combined anti-hyperproliferative 
effect on target tissues. Alternatively, a single vector encoding both genes may be used. A 
variety of proteins are encompassed within the invention, some of which are described below. 

1 . Inducers of Cellular Proliferation 
[0188] The proteins that induce cellular proliferation further fall into various categories 

dependent on function. The commonality of all of these proteins is their ability to regulate 

cellular proliferation. For example, a form of PDGF, the sis oncogene, is a secreted growth 

factor. Oncogenes rarely arise from genes encoding growth factors, and at the present, sis is the 
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only known naturally-occurring oncogenic growth factor. In one embodiment of the present 
invention, it is contemplated that anti-sense mRNA directed to a particular inducer of cellular 
proliferation is used to prevent expression of the inducer of cellular proliferation. 

[0189] The proteins FMS, ErbA, ErbB and neu are growth factor receptors. Mutations to these 
receptors result in loss of regulatable function. For example, a point mutation affecting the 
transmembrane domain of the Neu receptor protein results in the neu oncogene. The erbA 
oncogene is derived from the intracellular receptor for thyroid hormone. The modified 
oncogenic ErbA receptor is believed to compete with the endogenous thyroid hormone receptor, 
causing uncontrolled growth. 

[0190] The largest class of oncogenes includes the signal transducing proteins (e.g., Src, Abl 
and Ras). The protein Src is a cytoplasmic protein-tyrosine kinase, and its transformation from 
proto-oncogene to oncogene in some cases, results via mutations at tyrosine residue 527. In 
contrast, transformation of GTPase protein ras from proto-oncogene to oncogene, in one 
example, results from a valine to glycine mutation at amino acid 12 in the sequence, reducing ras 
GTPase activity. 

[0191] The proteins Jun, Fos and Myc are proteins that directly exert their effects on nuclear 
functions as transcription factors. 

2. Inhibitors of Cellular Proliferation 
[0192] The tumor suppressor oncogenes function to inhibit excessive cellular proliferation. 

The inactivation of these genes destroys their inhibitory activity, resulting in unregulated 

proliferation. The tumor suppressors p53, pi 6 and C-CAM are described below. 

[0193] High levels of mutant p53 have been found in many cells transformed by chemical 
carcinogenesis, ultraviolet radiation, and several viruses. The p53 gene is a frequent target of 
mutational inactivation in a wide variety of human tumors and is already documented to be the 
most frequently mutated gene in common human cancers. It is mutated in over 50% of human 
NSCLC (Hollstein et al., 1991) and in a wide spectrum of other tumors. 
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[0194] The p53 gene encodes a 393-amino acid phosphoprotein that can form complexes with 
host proteins such as large-T antigen and E1B. The protein is found in normal tissues and cells, 
but at concentrations which are minute by comparison with transformed cells or tumor tissue. 

[0195] Wild-type p53 is recognized as an important growth regulator in many cell types. 
Missense mutations are common for the p53 gene and are essential for the transforming ability of 
the oncogene. A single genetic change prompted by point mutations can create carcinogenic 
p53. Unlike other oncogenes, however, p53 point mutations are known to occur in at least 30 
distinct codons, often creating dominant alleles that produce shifts in cell phenotype without a 
reduction to homozygosity. Additionally, many of these dominant negative alleles appear to be 
tolerated in the organism and passed on in the germ line. Various mutant alleles appear to range 
from minimally dysfunctional to strongly penetrant, dominant negative alleles (Weinberg, 1991). 

[0196] Another inhibitor of cellular proliferation is pi 6. The major transitions of the 
eukaryotic cell cycle are triggered by cyclin-dependent kinases, or CDK's. One CDK, cyclin- 
dependent kinase 4 (CDK4), regulates progression through the Gl . The activity of this enzyme 
may be to phosphorylate Rb at late Gl. The activity of CDK4 is controlled by an activating 
subunit, D-type cyclin, and by an inhibitory subunit, the pl6INK4 has been biochemically 
characterized as a protein that specifically binds to and inhibits CDK4, and thus may regulate Rb 
phosphorylation (Serrano et al., 1993; Serrano et al., 1995). Since the pl6INK4 protein is a 
CDK4 inhibitor (Serrano, 1993), deletion of this gene may increase the activity of CDK4, 
resulting in hyperphosphorylation of the Rb protein, pi 6 also is known to regulate the function 
ofCDK6. 

[0197] pl6INK4 belongs to a newly described class of CDK-inhibitory proteins that also 
includes pl6B, pl9, p21Wafl/Cipl, and p27KIPl. The pl6INK4 gene maps to 9Bik, a 
chromosome region frequently deleted in many tumor types. Homozygous deletions and 
mutations of the pl6INK4 gene are frequent in human tumor cell lines. This evidence suggests 
that the pl6INK4 gene is a tumor suppressor gene. This interpretation has been challenged, 
however, by the observation that the frequency of the pl6INK4 gene alterations is much lower in 
primary uncultured tumors than in cultured cell lines (Caldas et al., 1994; Cheng et al., 1994; 
Hussussian et al., 1994; Kamb et al., 1994; Kamb et al., 1994; Mori et al., 1994; Okamoto et al., 
1994; Nobori et al., 1995; Orlow et al., 1994; Arap et al., 1995). Restoration of wild-type 
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pl6INK4 function by transfection with a plasmid expression vector reduced colony formation by 
some human cancer cell lines (Okamoto, 1994; Arap 5 1995). 

[0198] Other genes that may be employed according to the present invention include Rb, APC, 
DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II, zacl, p73, VHL, MMAC1 / PTEN, DBCCR-1, FCC, 
rsk-3, p27, p27/pl6 fusions, Bik/p27 fusions, anti-thrombotic genes (e.g., COX-1, TFPI), PGS, 
Dp, E2F, ras, myc, neu, raf, erb, fins, trk, ret, gsp, hst, abl, El A, p300, genes involved in 
angiogenesis (e.g., VEGF, FGF, thrombospondin, BAI-1, GDAIF, or their receptors) and MCC. 

3. Regulators of Programmed Cell Death 
[0199] Apoptosis, or programmed cell death, is an essential process for normal embryonic 

development, maintaining homeostasis in adult tissues, and suppressing carcinogenesis (Kerr et 

al., 1972). The Bcl-2 family of proteins and ICE-like proteases have been demonstrated to be 

important regulators and effectors of apoptosis in other systems. The Bcl-2 protein, discovered 

in association with follicular lymphoma, plays a prominent role in controlling apoptosis and 

enhancing cell survival in response to diverse apoptotic stimuli (Bakhshi et al., 1985; Cleary and 

Sklar, 1985; Cleary et al., 1986; Tsujimoto et al., 1985; Tsujimoto and Croce, 1986). The 

evolutionarily conserved Bcl-2 protein now is recognized to be a member of a family of related 

proteins, which can be categorized as death agonists or death antagonists. 

[0200] Subsequent to its discovery, it was shown that Bcl-2 acts to suppress cell death 
triggered by a variety of stimuli. Also, it now is apparent that there is a family of Bcl-2 cell 
death regulatory proteins which share in common structural and sequence homologies. These 
different family members have been shown to either possess similar functions to Bcl-2 (e.g., 
BclXL, BclW, BclS, Mcl-1, Al, Bfl-1) or counteract Bcl-2 function and promote cell death (e.g., 
Bax, Bak, Bik, Bim, Bid, Bad, Harakiri). 

E. Surgery 

[0201] Approximately 60% of persons with cancer will undergo surgery of some type, which 
includes preventative, diagnostic or staging, curative and palliative surgery. Curative surgery is 
a cancer treatment that may be used in conjunction with other therapies, such as the treatment of 
the present invention, chemotherapy, radiotherapy, hormonal therapy, gene therapy, 
immunotherapy and/or alternative therapies. 
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[0202] Curative surgery includes resection in which all or part of cancerous tissue is physically 
removed, excised, and/or destroyed. Tumor resection refers to physical removal of at least part 
of a tumor. In addition to tumor resection, treatment by surgery includes laser surgery, 
cryosurgery, electrosurgery, and miscopically controlled surgery (Molls' surgery). It is further 
contemplated that the present invention may be used in conjunction with removal of superficial 
cancers, precancers, or incidental amounts of normal tissue. 

[0203] Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity may be formed 
in the body. Treatment may be accomplished by perfusion, direct injection or local application 
of the area with an additional anti-cancer therapy. Such treatment may be repeated, for example, 
every 1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks or every 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 1 1, or 12 months. These treatments may be of varying dosages as well. 

F. Other agents 

[0204] It is contemplated that other agents may be used in combination with the present 
invention to improve the therapeutic efficacy of treatment. These additional agents include 
immunomodulatory agents, agents that affect the upregulation of cell surface receptors and GAP 
junctions, cytostatic and differentiation agents, inhibitors of cell adehesion, or agents that 
increase the sensitivity of the hyperproliferative cells to apoptotic inducers. Immunomodulatory 
agents include tumor necrosis factor; interferon alpha, beta, and gamma; IL-2 and other 
cytokines; F42K and other cytokine analogs; or MIP-1, MlP-lbeta, MCP-1, RANTES, and other 
chemokines. It is further contemplated that the upregulation of cell surface receptors or their 
ligands such as Fas / Fas ligand, DR4 or DR5 / TRAIL would potentiate the apoptotic inducing 
abililties of the present invention by establishment of an autocrine or paracrine effect on 
hyperproliferative cells. Increases intercellular signaling by elevating the number of GAP 
junctions would increase the anti-hyperproliferative effects on the neighboring hyperproliferative 
cell population. In other embodiments, cytostatic or differentiation agents can be used in 
combination with the present invention to improve the anti-hyerproliferative efficacy of the 
treatments. Inhibitors of cell adehesion are contemplated to improve the efficacy of the present 
invention. Examples of cell adhesion inhibitors are focal adhesion kinase (FAKs) inhibitors and 
Lovastatin. It is further contemplated that other agents that increase the sensitivity of a 
hyperproliferative cell to apoptosis, such as the antibody c225, could be used in combination 
with the present invention to improve the treatment efficacy. 
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[0205] Hormonal therapy may also be used in conjunction with the present invention or in 
combination with any other cancer therapy previously described. The use of hormones may be 
employed in the treatment of certain cancers such as breast, prostate, ovarian, or cervical cancer 
to lower the level or block the effects of certain hormones such as testosterone or estrogen. This 
treatment is often used in combination with at least one other cancer therapy as a treatment 
option or to reduce the risk of metastases. 

VI. Pharmaceutical Preparations 

[0206] Pharmaceutical compositions of the present invention comprise an effective amount of 
one or more forms of mutant Bik or additional agent dissolved or dispersed in a pharmaceutically 
acceptable carrier or excipient. The phrases "pharmaceutical or pharmacologically acceptable" 
refers to molecular entities and compositions that do not produce an adverse, allergic or other 
untoward reaction when administered to an animal, such as, for example, a human, as 
appropriate. The preparation of an pharmaceutical composition that contains at least one Bik 
mutant form or additional active ingredient will be known to those of skill in the art in light of 
the present disclosure, as exemplified by Remington's Pharmaceutical Sciences, 18th Ed. Mack 
Printing Company, 1990, incorporated herein by reference. Moreover, for animal (e.g., human) 
administration, it will be understood that preparations should meet sterility, pyrogenicity, general 
safety and purity standards as required by FDA Office of Biological Standards. 

[0207] As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., antibacterial agents, 
antifungal agents), isotonic agents, absorption delaying agents, salts, preservatives, drugs, drug 
stabilizers, binders, excipients, disintegration agents, lubricants, sweetening agents, flavoring 
agents, dyes, such like materials and combinations thereof, as would be known to one of ordinary 
skill in the art (see, for example, Remington's Pharmaceutical Sciences, 1 8th Ed. Mack Printing 
Company, 1990, pp. 1289-1329, incorporated herein by reference). Except insofar as any 
conventional carrier is incompatible with the active ingredient, its use in the therapeutic or 
pharmaceutical compositions is contemplated. In a specific embodiment, the mutant Bik 
composition is administered in a liposome. 

[0208] The Bik mutant form may comprise different types of carriers depending on whether it 
is to be administered in solid, liquid or aerosol form, and whether it need to be sterile for such 
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routes of administration as injection. The present invention can be administered intravenously, 
intradermally, intraarterially, intraperitoneally, intralesionally, intracranially, intraarticularly, 
intraprostaticaly, intrapleurally, intratracheally, intranasally, intravitreally, intravaginally, 
rectally, topically, intratumorally, intramuscularly, intraperitoneally, subcutaneously, 
intravesicularlly, mucosally, intrapericardially, orally, topically, locally, using aerosol, injection, 
infusion, continuous infusion, localized perfusion bathing target cells directly, via a catheter, via 
a lavage, in cremes, in lipid compositions (e.g., liposomes), or by other method or any 
combination of the forgoing as would be known to one of ordinary skill in the art (see, for 
example, Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing Company, 1990, 
incorporated herein by reference). 

[0209] The actual dosage amount of a composition of the present invention administered to an 
animal patient can be determined by physical and physiological factors such as body weight, 
severity of condition, the type of disease being treated, previous or concurrent therapeutic 
interventions, idiopathy of the patient and on the route of administration. The practitioner 
responsible for administration will, in any event, determine the concentration of active 
ingredient(s) in a composition and appropriate dose(s) for the individual subject. 

[0210] In certain embodiments, pharmaceutical compositions may comprise, for example, at 
least about 0.1% of an active compound. In other embodiments, the an active compound may 
comprise between about 2% to about 75% of the weight of the unit, or between about 25% to 
about 60%, for example, and any range derivable therein. In other non-limiting examples, a dose 
may also comprise from about 1 microgram/kg/body weight, about 5 microgram/kg/body weight, 
about 10 microgram/kg/body weight, about 50 microgram/kg/body weight, about 100 
microgram/kg/body weight, about 200 microgram/kg/body weight, about 350 
microgram/kg/body weight, about 500 microgram/kg/body weight, about 1 milligram/kg/body 
weight, about 5 milligram/kg/body weight, about 10 milligram/kg/body weight, about 50 
milligram/kg/body weight, about 100 milligram/kg/body weight, about 200 milligram/kg/body 
weight, about 350 milligram/kg/body weight, about 500 milligram/kg/body weight, to about 
1000 mg/kg/body weight or more per administration, and any range derivable therein. In non- 
limiting examples of a derivable range from the numbers listed herein, a range of about 5 
mg/kg/body weight to about 100 mg/kg/body weight, about 5 microgram/kg/body weight to 
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about 500 milligram/kg/body weight, etc., can be administered, based on the numbers described 
above. 

[0211] In any case, the composition may comprise various antioxidants to retard oxidation of 
one or more component. Additionally, the prevention of the action of microorganisms can be 
brought about by preservatives such as various antibacterial and antifungal agents, including but 
not limited to parabens (e.g., methylparabens, propylparabens), chlorobutanol, phenol, sorbic 
acid, thimerosal or combinations thereof. 

[0212] The Bik mutant form may be formulated into a composition in a free base, neutral or 
salt form. Pharmaceutically acceptable salts, include the acid addition salts, e.g., those formed 
with the free amino groups of a proteinaceous composition, or which are formed with inorganic 
acids such as for example, hydrochloric or phosphoric acids, or such organic acids as acetic, 
oxalic, tartaric or mandelic acid. Salts formed with the free carboxyl groups can also be derived 
from inorganic bases such as for example, sodium, potassium, ammonium, calcium or ferric 
hydroxides; or such organic bases as isopropylamine, trimethyl amine, histidine or procaine. 

[0213] In embodiments where the composition is in a liquid form, a carrier can be a solvent or 
dispersion medium comprising but not limited to, water, ethanol, polyol (e.g., glycerol, 
propylene glycol, liquid polyethylene glycol, etc), lipids (e.g., triglycerides, vegetable oils, 
liposomes) and combinations thereof. The proper fluidity can be maintained, for example, by the 
use of a coating, such as lecithin; by the maintenance of the required particle size by dispersion 
in carriers such as, for example liquid polyol or lipids; by the use of surfactants such as, for 
example hydroxypropylcellulose; or combinations thereof such methods. In many cases, it will 
be preferable to include isotonic agents, such as, for example, sugars, sodium chloride or 
combinations thereof. 

[0214] In other embodiments, one may use eye drops, nasal solutions or sprays, aerosols, 
mouthwashes, or inhalants in the present invention. Such compositions are generally designed to 
be compatible with the target tissue type. In a non-limiting example, nasal solutions are usually 
aqueous solutions designed to be administered to the nasal passages in drops or sprays. Nasal 
solutions are prepared so that they are similar in many respects to nasal secretions, so that normal 
ciliary action is maintained. Thus, in preferred embodiments the aqueous nasal solutions usually 
are isotonic or slightly buffered to maintain a pH of about 5.5 to about 6.5. In addition, 
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antimicrobial preservatives, similar to those used in ophthalmic preparations, drugs, or 
appropriate drug stabilizers, if required, may be included in the formulation. For example, 
various commercial nasal preparations are known and include drugs such as antibiotics or 
antihistamines. 

[0215] In certain embodiments the Bik mutant form is prepared for administration by such 
routes as oral ingestion. In these embodiments, the solid composition may comprise, for 
example, solutions, suspensions, emulsions, tablets, pills, capsules (e.g., hard or soft shelled 
gelatin capsules), sustained release formulations, buccal compositions, troches, elixirs, 
suspensions, syrups, wafers, or combinations thereof. Oral compositions may be incorporated 
directly with the food of the diet. Preferred carriers for oral administration comprise inert 
diluents, assimilable edible carriers or combinations thereof. In other aspects of the invention, 
the oral composition may be prepared as a syrup or elixir. A syrup or elixir, and may comprise, 
for example, at least one active agent, a sweetening agent, a preservative, a flavoring agent, a 
dye, a preservative, or combinations thereof. 

[0216] In certain preferred embodiments an oral composition may comprise one or more 
binders, excipients, disintegration agents, lubricants, flavoring agents, and combinations thereof. 
In certain embodiments, a composition may comprise one or more of the following: a binder, 
such as, for example, gum tragacanth, acacia, cornstarch, gelatin or combinations thereof; an 
excipient, such as, for example, dicalcium phosphate, mannitol, lactose, starch, magnesium 
stearate, sodium saccharine, cellulose, magnesium carbonate or combinations thereof; a 
disintegrating agent, such as, for example, com starch, potato starch, alginic acid or 
combinations thereof; a lubricant, such as, for example, magnesium stearate; a sweetening agent, 
such as, for example, sucrose, lactose, saccharin or combinations thereof; a flavoring agent, such 
as, for example peppermint, oil of wintergreen, cherry flavoring, orange flavoring, etc.; or 
combinations thereof the foregoing. When the dosage unit form is a capsule, it may contain, in 
addition to materials of the above type, carriers such as a liquid carrier. Various other materials 
may be present as coatings or to otherwise modify the physical form of the dosage unit. For 
instance, tablets, pills, or capsules may be coated with shellac, sugar or both. 

[0217] Additional formulations which are suitable for other modes of administration include 
suppositories. Suppositories are solid dosage forms of various weights and shapes, usually 
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medicated, for insertion into the rectum, vagina or urethra. After insertion, suppositories soften, 
melt or dissolve in the cavity fluids. In general, for suppositories, traditional carriers may 
include, for example, polyalkylene glycols, triglycerides or combinations thereof. In certain 
embodiments, suppositories may be formed from mixtures containing, for example, the active 
ingredient in the range of about 0.5% to about 10%, and preferably about 1% to about 2%. 

[0218] Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a sterile vehicle that contains the basic 
dispersion medium and/or the other ingredients. In the case of sterile powders for the 
preparation of sterile injectable solutions, suspensions or emulsion, the preferred methods of 
preparation are vacuum-drying or freeze-drying techniques which yield a powder of the active 
ingredient plus any additional desired ingredient from a previously sterile-filtered liquid medium 
thereof. The liquid medium should be suitably buffered if necessary and the liquid diluent first 
rendered isotonic prior to injection with sufficient saline or glucose. The preparation of highly 
concentrated compositions for direct injection is also contemplated, where the use of DMSO as 
solvent is envisioned to result in extremely rapid penetration, delivering high concentrations of 
the active agents to a small area. 

[0219] The composition must be stable under the conditions of manufacture and storage, and 
preserved against the contaminating action of microorganisms, such as bacteria and fungi. It will 
be appreciated that endotoxin contamination should be kept minimally at a safe level, for 
example, less that 0.5 ng/mg protein. 

[0220] In particular embodiments, prolonged absorption of an injectable composition can be 
brought about by the use in the compositions of agents delaying absorption, such as, for example, 
aluminum monostearate, gelatin or combinations thereof. 

VII. Site-Directed Mutagenesis 

[0221] Structure-guided site- specific mutagenesis represents a powerful tool for the dissection 
and engineering of protein-ligand interactions (Wells, 1996, Braisted et al., 1996). The 
technique provides for the preparation and testing of sequence variants by introducing one or 
more nucleotide sequence changes into a selected DNA. 
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[0222] Site-specific mutagenesis uses specific oligonucleotide sequences which encode the 
DNA sequence of the desired mutation, as well as a sufficient number of adjacent, unmodified 
nucleotides. In this way, a primer sequence is provided with sufficient size and complexity to 
form a stable duplex on both sides of the deletion junction being traversed. A primer of about 17 
to 25 nucleotides in length is preferred, with about 5 to 10 residues on both sides of the junction 
of the sequence being altered. 

[0223] The technique typically employs a bacteriophage vector that exists in both a single- 
stranded and double-stranded form. Vectors useful in site-directed mutagenesis include vectors 
such as the Ml 3 phage. These phage vectors are commercially available and their use is 
generally well known to those skilled in the art. Double-stranded plasmids are also routinely 
employed in site-directed mutagenesis, which eliminates the step of transferring the gene of 
interest from a phage to a plasmid. 

[0224] In general, one first obtains a single-stranded vector, or melts two strands of a double- 
stranded vector, which includes within its sequence a DNA sequence encoding the desired 
protein or genetic element. An oligonucleotide primer bearing the desired mutated sequence, 
synthetically prepared, is then annealed with the single-stranded DNA preparation, taking into 
account the degree of mismatch when selecting hybridization conditions. The hybridized 
product is subjected to DNA polymerizing enzymes such as E. coli polymerase I (Klenow 
fragment) in order to complete the synthesis of the mutation-bearing strand. Thus, a 
heteroduplex is formed, wherein one strand encodes the original non-mutated sequence, and the 
second strand bears the desired mutation. This heteroduplex vector is then used to transform 
appropriate host cells, such as E. coli cells, and clones are selected that include recombinant 
vectors bearing the mutated sequence arrangement. 

[0225] Comprehensive information on the functional significance and information content of a 
given residue of protein can best be obtained by saturation mutagenesis in which all 19 amino 
acid substitutions are examined. The shortcoming of this approach is that the logistics of 
multiresidue saturation mutagenesis are daunting (Warren et al., 1996, Brown et al., 1996; Zeng 
et al., 1996; Burton and Barbas, 1994; Yelton et al., 1995; Jackson et al., 1995; Short et al., 1995; 
Wong et al., 1996; Hilton et al., 1996). Hundreds, and possibly even thousands, of site specific 
mutants must be studied. However, improved techniques make production and rapid screening 
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of mutants much more straightforward. See also, U.S. Patents 5,798,208 and 5,830,650, for a 
description of "walk- through" mutagenesis. 

[0226] Other methods of site-directed mutagenesis are disclosed in U.S. Patents 5,220,007; 
5,284,760; 5,354,670; 5,366,878; 5,389,514; 5,635,377; and 5,789,166. 

EXAMPLES 

[0227] The following examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in the 
examples which follow represent techniques discovered by the inventors to function well in the 
practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the spirit and scope of the invention. 

EXAMPLE 1 

EXEMPLARY MATERIALS AND METHODS 

Cell Lines 

[0228] Human breast cancer cell lines MCF-7, MDA-MB-23 1 , MDA-MB-435, ovarian cancer 
cell line SKOV-ipl and the human prostate carcinoma cell line PC-3 were purchased from the 
American Type Culture Collection (Rockville, MD) and cultured according to the vendor's 
instructions. 

Plasmids Construction and Site-directed Mutagenesis 

[0229] Bik, Luc, and GFP-expressing plasmids were constructed by inserting the cDNAs of 
Bik, Luc, and GFP, respectively, into the pcDNA3 vector containing a cytomegalovirus 
promoter. Site-directed mutagenesis was performed according to the manufacturer's protocol 
(Clontech Inc.). Bik residues threonine 33 and serine 35 aspartate by using the following 
primers: for T33D, 5 '-GGCATGACTG ACGATGAAGAGGACCTG-3 ' (SEQ ID NO:l), and for 
S35D, 5'- GTTCTTGGCATGGATGACTCTGAACAGG -3' (SEQ ID NO:2). The sequences of 
three Bik mutant constructs were verified by automated sequencing. 
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Formulation 

[0230] The non-viral gene delivery system, termed SN, was essentially a cationic liposome, 
which is formulated as described previously (Zou et al., 2002). 

Transfection 

[0231] Cells were cultured for 24 h in six-well plates with 1 ml/well of DMEM/F12 medium 
with 10% FBS (Life Technologies, Inc., Gaithersburg, MD) until 60-70% confluence was 
reached. The liposomal DNA (SN-DNA) was directly added into the culture plates at a ratio of 2 
[ig of DNA/ 106 cells. Twenty- four h later, the transfection efficiency was determined by 
counting the GFP -positive cells under a fluorescence microscope and expressing the result as a 
percentage of total cells. Six random fields with >200 cells/field were counted for each sample. 
All experiments were repeated three times independently. 

Western Blot Analysis 

[0232] Protein lysate was prepared with RIPA-B cell lysis buffer containing 20 mM Na2P04 
(pH 7.4), 150 mM NaCl, 1% Triton X-100, 100 mM NaF, 2 mM Na3V04, 5 mM 
phenylmethylsulfonyl fluoride, 1% aprotinin, and 10 jxg/ml leupeptin. Goat anti-Bik polyclonal 
antibody was perchanced from Santa Cruz Biotechnology (Santa Cruz, California). Donkey anti- 
goat IgG peroxidase (Jackson) was used as secondary antibody. Western blots were developed 
by enhanced chemiluminescence (ECL; Amersham). 

Luciferase Assays 

[0233] To determine the Bik dose effect on cell proliferation, different cancer cells were co- 
transfected with 50 ng of CMV-luc and an increasing amount (0, 0.5, or 2 jig) of CMV-Bik. The 
total amount of DNA transfected at each dose was kept constant (2.05 |ig) by adding an 
appropriate amount of pcDNA3 vector. Forty-eight hrs after transfection, cells were harvested, 
and luc activity was measured using the luc assay system (Promega) according to the protocol 
supplied by the manufacturer. The relative activities were calculated by setting the luc activities 
obtained from transfections without CMV-Bik (0 |^g) at 100%. The data represent mean ± SD of 
three independent experiments. 

Apoptosis Assay 

[0234] For in vitro studies, standard fluorescence-activated cell sorter analysis was used to 
determine the apoptosis of the cells. Briefly, the cells were transfected with SN-bik or other 
agents. 12 or 24 hrs after transfection, the apoptotic cells were assessed by flow cytometric 
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detection of sub-Gl DNA content after being stained with propidium iodide. Fields with >2000 
cells in each were randomly selected, and the apoptotic versus nonapoptotic cells were counted. 

Ex vivo Tumor Inhibition 

[0235] Human breast cancer cell line MCF-7 and prostate cancer cell lines PC-3 cells were 
transfected by SN-bik or SN-luc. Twenty-four h after transfection, the cells were carefully 
trypsinized, harvested, and inoculated into the MFPs of nude mice (2 x 106 cells/tumor). The 
volume of the resulting tumor was measured weekly. 

Anti-tumor Activity Tests 

[0236] To study tumor growth inhibition, female nude mice were inoculated with 2 x 106 of 
breast cancer cells/tumor into the MFPs. Two weeks later, when most tumors exceeded 4x4 
mm, the tumor-bearing mice were randomly divided into three groups with 5 mice in each group. 
The mice in all treatment groups received i.v. injections of SN-bik three times a week for 3 
weeks, at a dose of 15 |xg of DNA/mouse. The mice in control groups were injected with the 
same dose of SN-luc or the same volume of PBS. The tumor volume was measured weekly. To 
assess animal survival and the increase in life span, the same tumor models and the same 
therapeutic treatments were used. The experiment was terminated on day 200 after tumor 
inoculation. 

Statistical Analysis 

[0237] All statistical tests used in this study are two-sided log-rank statistical tests. 

EXAMPLE 2 

CONSTRUCTION OF EXEMPLARY BIK MUTANTS 

[0238] The Bik single mutant T33D, S35D and double mutant T33DS35D, in which the 
residues 33 (threonine) and 35 (serine) were changed to aspartate acid residues respectively or 
together, were constructed by site-directed mutagenesis (Clontech; La Jolla, CA). After 
confirming the mutant Bik constructs by DNA sequencing, Western blot with a Bik antibody 
demonstrated production of the different Bik mutants expressed in HBK293 cell after transient 
transfection. A formulation of cationic lipid (SN) was used to deliver the pro-apoptotic mutant 
Bik gene into different human cancer cells in vitro and in vivo (Zou et al., 2002). 
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EXAMPLE 3 

IN VITRO TESTING OF EXEMPLARY BIK MUTANTS 

[0239] To test whether the Bik mutants inhibited human cancer cell line growth in vitro better 
than wide type Bik, transient transfection assay was performed to evaluate the cell growth 
inhibition effect of mutant Bik, in which a fixed amount (50 ng) of CMV-luc was co-transfected 
with an increasing amount (0, 0.5, and 2 ^ig) of CMV-Bik wide type and mutants in different 
human cancer cells, including human breast cancer cell lines MDA-MB-231, MDA-MB-468, 
MCF-7, prostate cancer cell line PC-3 and ovary cancer cell line SKOV-ipl. Because the 
apparent luc activity is indicative of living cells, the relative luciferase activity could be used as 
the index of cell growth and proliferation (FIG. 1). 

[0240] In FIG. 1A, western blot analysis of Bik and mutants protein expression after transient 
transfection in 293T cells is shown. Actin was used as an equal loading control. In FIGS. IB 
through IF, human breast cancer cell lines MDA-MB-468 (FIG. IB), MCF-7(FIG. 1C), MDA- 
MB-231 (FIG. ID), ovary cancer cell line skov-ipl(FIG. IE) and prostate cancer cell line PC-3 
(FIG. IF) were cotransfected with 50 ng of CMV-luc and an increasing amount (0, 0.5, or 2 jig) 
of CMV-Bik wide type or mutants. The relative activities were calculated by setting the 
luciferase activities obtained from transfections without CMV-Bik (0 |ig) at 100%. The data 
represent means of three independent experiments; bars, SD; stars (*) mean significant 
difference, compared with wide type (P<0.05). 

[0241] While the wild type and mutant Bik expression caused overall growth inhibition in a 
dose-dependent manner, the Bik mutants, especially the T33DS35D mutant, exhibited stronger 
growth inhibitory effect on different cancer cells, and the expression level was proportional to 
the growth-inhibitory activity. Thus, mutant Bik is very potent against numerous cancer cell 
types both in vitro and in vivo. Its effect is independent of the expression level of Her-2/neu 
oncogene. 

[0242] Using similar methods, and as illustrated in FIGS. 2, Bik mutant T33DS35D also 
exhibits potent anticancer effect on head and neck cancer cells (TU138 and TU167), melanoma 
(B16F10), ovarian (2774 and SKOV. SKOV is not a Her-2/neu overexpressing cell, as opposed 
to SKOV-ipl), and endothelial cells (Human umbilical vascular endothelial cells, HUVEC). 
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Thus, in addition to SKOV-ipl, which is a Her-2/neu overexpressing cancer cell, the bik mutants 
also demonstrate potent inhibitory effects on cells without Her-2/neu overexpression. 

EXAMPLE 4 

FACS ANALYSIS OF ACTIVITY OF BIK MUTANTS 

[0243] The pro-apoptotic gene Bik is known to elicit apoptosis in a variety of malignant cells. 
To examine whether the mutant Bik will cause improved cell-killing effect or apoptosis on 
different cancer cells, standard fluorescence-activated cell sorter analysis (FACS) was used to 
assay apoptosis of the cancer cells. Briefly, the cells were transfected with SN-Bik or other 
agents. 

[0244] Specifically, human breast cancer cell lines MCF-7 and prostate cancer cell line PC-3 
were cotransfected with 100 ng of CMV-GFP and 2 p.g of CMV-Bik wide type or mutants. 
pcDNA3 transfected cells were used as control. Twelve or twenty-four hours after transfection, 
the apoptotic cells were harvested and assessed by flow cytometric detection of sub-Gl DNA 
content after being stained with propidium iodide. The data represent means of three independent 
experiments; bars, SD; stars (*) mean significant difference, compared with wide type (P<0.05). 

[0245] Twelve or twenty-four hours after transfection, the apoptotic cells were assessed by 
flow cytometric detection of sub-Gl DNA content after being stained with propidium iodide. In 
the MCF-7 cell, the different Bik mutants-induced 40% to 80 % more apoptosis than the wild 
type Bik (FIG. 3). The onset of apoptosis was also early than the wild type, as early as 8 h after 
the transfection. In the PC-3 cell lines similar phenomena was also observed. The results 
indicate that mutant Bik can induce significant cancer cell apoptosis, stronger and earlier than the 
wtBik. 

EXAMPLE 5 

EX VIVO TESTING OF EXEMPLARY BIK MUTANTS 

[0246] One of the most critical biological properties for a tumor suppressor gene is its ability to 
reduced tumorigenicity in vivo. To test the possibly better anti-tumor activity of different Bik 
mutants, an ex vivo tumorigenicity assay was performed in a nude mice cancer model. Human 
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breast cancer cell lines MCF-7 and prostate cancer cell line PC-3 were transfected with CMV- 
Bik wild type or mutants delivered by SN liposome in culture plates. pcDNA3 transfected cells 
were used as control. Twenty-four hours later, the treated cells were carefully harvested and 
inoculated into the mammary fat pads (mfp) (for MCF-7) or subcutaneous connective tissue (for 
PC-3) of nude mice. Four million cells were inoculated for MCF-7 and one million cells for PC- 
3. Empty vector pcDN A3 -transfected cells were used as a control. The inoculated tumor size 
was measured weekly. 

[0247] Specifically, human breast cancer cell lines MCF-7 (4 x 10 6 cells, each mouse 
implanted 0.72 mg 17 P-estradiol pellet subcutaneously 2 weeks before inoculation) and prostate 
cancer cell line PC-3 (1 x 10 6 cells) were transfected with CMV-Bik wide type or mutants 
delivered by SN liposome in culture plates. pcDNA3 transfected cells were used as control. 
Twenty-four hours later, the treated cells were harvested and inoculated in the mammary fat pads 
(mfp) (for MCF-7) or subcutaneous connective tissue (for PC-3) of nude mice, with 8 mice in 
each group. Tumor sizes were measured weekly, as showed in FIG. 4A. After 7 weeks, the mice 
were scarified and the tumor weight were measured as showed in FIG. 4B. In the each group, 
there was tumor-formatting rate, bars, SD; stars (*) denote mutants having significant difference, 
compared with wide type (P<0.05); stars (**) denote wild type Bik having significant 
difference, compared with pcDNA3 control (P<0.05). 

[0248] This "ex vivo test" bypassed the gene delivery problems in vivo and showed that under 
the optimal gene delivery condition, tumor cells with mutant Bik had less tumor growth ability 
than wide type Bik in vivo (FIG. 4A). SN-Bik delayed tumor growth in mice by at least 3 weeks 
compared with the pcDNA3 control. The tumor volume ratios of wt Bik versus 3 Bik mutants 
treatment groups during weeks 7 ranged from 2.1 to 3.7 for MCF-7 cell and from 2.2 to 4.1 for 
PC-3 cell, suggesting a strong tumor suppression activity by mutant Bik treatment in vivo. The 
data in FIG. 4 represent the mean ± standard deviation of tumors size of 8 mice in each group. 
Furthermore, the average tumor size (measured by weight) of the wt Bik was about 2 to 4 folds 
than that of different Bik mutant groups (FIG. 4B). In MCF-7 group, mutant Bik also had less 
tumor taking-rate. 
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EXAMPLE 6 

IN VIVO TESTING OF EXEMPLARY BIK MUTANTS 

[0249] The above studies showed that three mutant Bik forms could induce apoptosis and 
inhibit tumor cell growth better than wild type Bik in vitro and ex vivo, and the anti-tumor 
activity of SN-delivered Bik mutants was further compared with wt Bik in orthotopic breast 
cancer model and subcutaneous prostate cancer model. 

[0250] Because the double mutant T33DS35D Bik is the strongest mutant of the three Bik 
mutants in apoptosis assay in vitro and tumor growth ex vivo assay, the Bik T33DS35D (Bik 
DD) was used as a representative of the three Bik mutants to compare with the wt Bik in the 
following in vivo study. Mice with established tumors were then treated with SN-wt Bik, SN- 
Bik T33DS35D or SN-pcDNA3. SN-Bik T33DS35D injection significantly inhibited tumor 
growth in mice compared with the SN-Bik and SN-pcDNA -treated mice. 

[0251] Specifically, in FIG. 5A, orthotopic human breast cancer MCF-7 cell (mammary fat 
pads, 4 x 106 cells/mouse, each mouse implanted 0.72 mg 17 p-estradiol pellet subcutaneously 2 
weeks before inoculation) and ectopic human prostate cancer PC3 cell (subcutaneous, 1 x 106 
cells/mouse) models in mice were used. One week later, the mice bearing tumors were randomly 
divided into three groups with 5 mice in each. One group received multiple injections of SN- 
DNA, 15 [ig DNA/ mouse, three times a week for a total of 12 treatments, orthotopic breast 
cancer by intravenous injection and ectopic prostate cancer by intra-tumor injection, the other 
group received same doses of SN-pcDNA3. The tumor volume was measured weekly. In FIG. 
5B, the mutant Bik gene delivered by SN significantly prolonged the life of mice with orthotopic 
or ectopic human cancer. The data shown in the FIG. represent the mean ± standard deviations 
from 5 individual mice. Bars, SD.) 

[0252] By weeks 3 to 5, the mean tumor volume of SN-Bik-treated mice was higher than that 
of SN- Bik T33S35D -treated mice in two models. The most significant tumor suppression effect 
could be observed by week 8 and 9, with an approximate 2-3 -fold difference in tumor volumes 
between the wide type and mutant treatment groups (P < 0.05; FIG. 5 A). Treatment by SN-Bik 
T33S35D significantly increased the survival rate of the treated mice compared with the control 
groups treated with SN-wt Bik (P < 0.05; FIG. 5B). The median survival time was 175 days for 
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Bik T33S35D treatment vs. 1 12 days for Bik in MCF-7 cells, 140 days vs. 105 days in PC3 cells. 
The results indicate that SN-Bik T33S35D inhibited about 50% of the tumor growth in these 
human cancer models and significantly increased the survival rates. 

[0253] A systemic gene therapy approach for breast cancer was developed, consisting of a 
nonviral gene delivery system (SN) and a proapoptotic gene, bik. The SN- Bik gene complex 
induced significant apoptosis in four breast cancer cell lines in vitro as well as in orthotopic 
tumor tissues in nude mice (Zou et al., 2002). Systemically administrated SN-Bik significantly 
inhibited the growth and metastasis of human breast cancer cells implanted in nude mice and 
prolonged the life span of the treated animals. The Bik gene is a potent inducer for apoptosis, 
independent of p53. Like Bad (Wang et al., 1999) and Bid (Desagher et al., 2001), Bik is 
regulated by phosphorylation (residues threonine 33 and serine 35) Unlike Bad, phosphorylation 
increases the pro-apoptotic potency of Bik. The mechanism is presently unknown, possibly by a 
casein kinase II-related enzyme (Verma et al., 2000). The phosphatase PP2A might negatively 
regulate its function (Klumpp and Krieglstein, 2002). The post-translational phosphorylation of 
Bik, in specific embodiments, results in conformational changes to cause release from an 
inactive complex and increased affinity or accessibility to antiapoptotic Bcl-2 homologues. 

[0254] The results showed that transfection of Bik mutants (T33D, S35D and T33DS35D) was 
much more potent than wild type (wt) Bik to inhibit cell proliferation and enhance apoptosis 
induction of various human cancer cells and to inhibit tumor growth in mice in ex vivo and in 
vivo models. Thus, this shows that mutant Bik gene is more potent than wt Bik to induce cell 
death, and SN-Bik is useful for a therapeutic agent of cancer. 

[0255] Obviously, methods disclosed herein have proven useful for specific Bik mutants in the 
context of the invention. Following the teachings provided herein, one of skill in the art can 
prepare and test any number of mutants for anti-cell proliferative activity, antitumor activity, 
pro-apoptotic activity, or a combination thereof 

EXAMPLE 7 

TESTING OF EXEMPLARY BIK MUTANTS AS THERAPEUTIC AGENTS 

[0256] Bik mutants as they relate to anti-tumor activity are tested in an animal study, such as 
cell lines, cell culture, and/or models in addition to or other than those described in the preceding 
Examples. In general embodiments of the present invention, mutants are delivered by a vector, 
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such as a liposome, adenoviral vector, or combination thereof, into nude mice models for their 
anti-tumor activity. Once the anti-tumor activity is demonstrated, potential toxicity is further 
examined using immunocompetent mice, followed by clinical trials. 

[0257] In a specific embodiment, the preferential growth inhibitory activity of mutant Bik is 
tested in animal. Briefly, cancer cell lines are administered into mammary fat-pad of nude mice 
to generate a breast xenografted model. Although, as described herein, any cancer cell is within 
the scope of the present invention irrespective of its genotype or expression levels, (such as, for 
example, whether it is HER-2/neu-positive or HER-2/neu-negative), in a specific embodiment 
HER-2/neu overexpressing breast cancer cell lines (such as, for example, SKBR3 and/or MDA- 
MB361) are utilized, such as for testing. After the tumors reach a particular size, the Bik mutant 
and/or wild-type Bik control is administered into the mouse, such as, for example, intravenously 
injected in an admixture with an acceptable carrier, such as liposomes. The tumor sizes and 
survival curve from these treatments are compared and statistically analyzed. In a preferred 
embodiment, the mutant Bik is substantially the same as or better in its inhibition of the growth 
of tumor compared to that of wild-type Bik. 

EXAMPLE 8 

PREPARATION OF ADDITIONAL BIK MUTANTS 

[0258] Based on the data in previous Examples and the teachings elsewhere in the 
specification, in addition to the knowledge in the art, a skilled artisan would be motivated and 
capable of generating additional Bik mutants and, furthermore, able to determine the usefulness 
in the context of the invention using methodology disclosed herein. 

EXAMPLE 9 

TESTING OF ADDITIONAL BIK MUTANTS 

[0259] Once Bik mutants other than the exemplary mutants disclosed herein are generated, 
testing using a cell culture in a relevant cell line(s) is performed, such as described herein. 
Furthermore, testing of the Bik mutants using FACS analysis is performed, such as described 
herein. Also, testing of the additional Bik mutants using ex vivo systems or in vivo systems as 
described herein may be employed, in specific embodiments. 
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EXAMPLE 10 

ANTI-CANCER EFFECT OF MUTANT BIK IN BREAST, OVARIAN AND 
PANCREATIC CANCER MODELS 

[0260] An exemplary Bik mutant (BikDD) polynucleotide demonstrated a significant 
suppression of tumor growth and an increase in survival in a breast cancer orthotopic model. 
Human breast cancer cells MDA-MB-23 1 (2xl0 6 cells) were inoculated into the mammary fat 
pads (MFP) of nude mice. After 1 week, the mice bearing tumors were randomly divided into 
five groups with 5 or 8 mice in each group. The mice in all treatment groups received weekly 
i.v. injections of the either vector (pUK21) or BikDD (pUK/BikDD) (15 [ig DNA/mouse) 
delivered using the NIH-liposome for ten weeks,. The mice in the control group received 
injections of 5% Dextrose (D5W). In FIG. 6A, tumor volume was measured and recorded 
weekly. FIG. 6B shows that BikDD increased the survival rate of mice bearing MDA-MB-23 1 
orthotopic tumors. The data shown in the FIGS. 6A and 6B represent the mean and standard 
deviations from 5 or 8 individual mice. 

[0261] Also, the Bik mutant (BikDD) gene demonstrated a significant suppression of tumor 
growth and an increase in survival in a breast cancer orthotopic model. Human breast cancer 
cells MDA-MB-468 (3x1 0 6 cells), were inoculated into the mammary fat pads (MFP) of nude 
mice. After 1 week, the mice bearing tumors were randomly divided into five groups with 9 or 
10 mice in each group. The mice in all treatment groups received weekly i.v. injections of the 
either vector (pUK21) or BikDD (pUK/BikDD) (45 fig DNA/mouse) delivered using the NIH- 
liposome for ten weeks. The mice in the control group received injections of 5% Dextrose 
(D5W). In FIG. 7A, tumor volume was measured and recorded weekly. In FIG. 2B, BikDD 
increased the survival rate of mice bearing MDA-MB-23 1 orthotopic tumors. The data shown in 
the FIGS. 7 A and 7B represent the mean and standard deviations from 9 or 10 individual mice. 

[0262] In FIG. 8, treatment with the Bik mutant (BikDD) gene increases the survival of mice in 
a ovarian cancer orthotopic model. Human ovarian cancer cells, 2774 (2xl0 6 cells), were 
inoculated intraperitononeally (i.p.) into nude mice. The mice were randomly split into 3 groups 
of ten mice each. . The mice in all treatment groups received weekly i.p. injections of the either 
vector (pUK21) or BikDD (pUK/BikDD) (15ng DNA/mouse) delivered using the NIH-liposome 
for twelve weeks. The mice in the control group received injections of 5% Dextrose (D5W). 
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The data shown in the figures represent the mean and standard deviations from 10 individual 
mice. 

[0263] In FIG. 9, treatment with the Bik mutant (BikDD) gene increases the survival of mice in 
a pancreatic cancer orthotopic model. Pancreatic cancer cells, Pan02 (5xl0 4 cells), were 
inoculated into nude mice. The mice were randomly split into 3 groups of ten mice each. The 
mice in all treatment groups received weekly i.p. injections of the either vector (pUK21) or 
BikDD (pUK/BikDD) (I5\xg DNA/mouse) delivered using the NIH-liposome for eleven weeks. 
The mice in the control group received injections of PBS. 

EXAMPLE 11 

CANCER TISSUE-SPECIFIC EXPRESSION OF MUTANT BIK 

[0264] Current cancer therapies, such as chemotherapy (CT) and radiotherapy, have low 
selectivity for tumor cells and side effects for normal tissues. To minimize the side effects, these 
therapies are generally given in an intermittent manner, allowing normal cells to recover between 
treatment cycles. However, during the recovery period, some surviving cancer cells become 
more resistant to the treatment because of gene mutation. Consequently, cancer recurrence or 
progression may occur. Tumor-targeting gene therapy can minimize treatment side effects and 
the risk of developing resistance by acting on the tumor-specific signaling pathways. In the 
present invention, tissue-specific promoters are used for targeting gene therapy of mutant Bik, 
such as for breast cancer, pancreatic cancer, and prostate cancer. 

Breast Cancer-Specific Expression of Mutant Bik 

[0265] Breast cancer-specific expression of mutant Bik employs two exemplary promoters that 
are described herein and presented in further detail in U.S. Provisional Patent Application 

60/ , entitled "Cancer-Specific Promoters" by Mien-Chie Hung, Yan Li, Yong Wen, Chi- 

Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng Li, filed simultaneously herewith and 
incorporated by reference herein in its entirety. 

Topoisomerase Ha Breast Cancer-Specific Expression 

[0266] A therapeutic construct was generated that comprises topoisomerase Ilacontrol 
sequence, such as the CT90 region (SEQ ID NO:26), that was operatively linked to CMV 
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enhancer (SEQ ID NO:25) 3 and the composite construct comprising both sequences (SEQ ID 
NO:37) was operatively linked to a polynucleotide encoding mutant Bik to regulate its 
expression. The construct is detailed herein but described further in U.S. Provisional Patent 

Application 60/ , entitled "Cancer- Specific Promoters" by Mien-Chie Hung, Yan Li, 

Yong Wen, Chi-Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng Li, filed simultaneously 
herewith and incorporated by reference herein in its entirety. A particular mutant Bik construct 
comprising sequence encoding the BikDD mutant is hereinafter referred to as CT90-BikDD. 
This construct was co-transfected with a luciferase reporter vector into breast cancer cell lines 
MDA-MB-231 and 468, and the normal breast epithelium cell line 184A1, and then the cell- 
killing effect was determined by a luciferase vitality assay. The CMV promoter-driven BikDD 
vector (CMV-BikDD) and empty vector were used as positive and negative controls, 
respectively. While CMV-BikDD killed all three cell lines to a nearly equal extent, CT90- 
BikDD killed breast cancer cells preferentially (FIG. 10), indicating that the killing effect of 
CT90-BikDD is selective for breast cancer cells. Therefore, CT90 is useful in breast cancer- 
targeting gene therapy. 

[0267] Next, the anti-tumor effect of this breast cancer-targeting gene therapy was 
characterized in vivo. One week after inoculating breast cancer MDA-MB-231 cells into 
mammary fat pads, the nude mice were treated once per week with liposome-complexed CT90- 
BikDD (therapeutic group), CMV-BikDD (positive control), and CMV-PGL3 (mock treatment), 
or dextrose buffer D5W as a no-treatment control. Each mouse was intravenously injected with 
15 Dg of liposome-complexed DNA construct, once per week, and tumor size was measured 
regularly. The CT90-BikDD group showed a superior tumor suppressive effect compared to 
CMV-BikDD or CMV-PGL3 (FIG. 11). 

[0268] Therapeutic effects of CT90-BikDD breast cancer construct were also demonstrated in 
an orthotopic mouse model wherein liposome-complexed CT90-BikDD targets breast cancer 
cells (FIG. 12A). Liposome-complexed CT90-BikDD or CMV-BikDD constructs were 
administered into mice carrying MDA-MB-468 breast cancer xenograft. The mice were 
sacrificed 72 hours after injection, and tumor and major organs were removed and fixed. In situ 
hybridization was performed on the tissue sections to detect BikDD mRNA expression. The 
results of tumor and heart were shown. The arrows indicate positive cells. In FIGS. 12B and 
12D, tumor size record during gene therapy treatment is demonstrated. Mice carrying MDA- 
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MB-231 breast cancer xenograft received treatment of 15-|ng liposome complexed CT90-BikDD, 
CMV-BikDD, empty vector pGL3 5 or 5% dextrose in water through i.v. injection. Each 
treatment group had ten mice. The mice were treated once a week (QW, FIG. 12B) or twice a 
week (BIW, FIG. 12D) for eight weeks, and the tumor size was measured and recorded twice a 
week. The p values from T-test for CT90 vs. pGL3 (P(CT90:pGL3)) and CMV vs. pGL3 
(P(CMV:pGL3» were shown. FIGS. 12C and 12E show survival record of mice in QW (FIG. 
12C) or BIW (FIG. 12E) group. The treatment was stopped in the eighth week, and the mice 
were kept alive until morbid status defined by institute regulation. The survival number each 
week was recorded. 

[0269] Gene therapy of Bik-DD in MDA-MB-468 xenograft mice is illustrated in FIG. 13. 
Mice carrying MDA-MB-468 breast cancer xenograft received treatment of 15-|ag liposome- 
complexed CT90-BikDD, CMV-BikDD, empty vector pUK21, or 5% dextrose in water through 
i.v. injection, for example. Each treatment group had ten mice. The mice were treated once a 
week for eight weeks, and the tumor size was measured and recorded twice a week. 

Transferrin Receptor Breast Cancer-Specific Expression 

[0270] The present inventors also demonstrate in U.S. Provisional Patent Application 

60/ , entitled "Cancer-Specific Promoters" by Mien-Chie Hung, Yan Li, Yong Wen, Chi- 

Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng Li, filed simultaneously herewith and 
incorporated by reference herein, that at least part of the transferrin receptor (TR) promoter, such 
as that comprising SEQ ID NO:27 (CTR116), possesses breast cancer specificity, and in 
combination with a CMV promoter enhancer (SEQ ID NO:25), for example, it can regulate 
expression of mutant Bik for effective breast cancer-specific expression. The full CTR116 
control sequence (SEQ ID NO:38) comprises SEQ ID NO:25 operatively linked to SEQ ID 
NO:27. 

[0271] In further embodiments of the present invention, the respective CT90 and CTR116 
elements are also narrowed further to identify even smaller segments within that retain breast 
cancer-specific expression activity. For example, deletion constructs may be made of these 
respective regions, and their tissue specificity is tested to identify the smaller segments that 
maintain the ability to direct expression in breast cancer tissue. 
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Pancreatic Cancer-Specific Expression of Mutant Bik 

[0272] The present inventors may utilize pancreatic cancer-specific promoter sequences to 
control expression of a polynucleotide encoding a mutant Bik polypeptide. One particular but 
exemplary pancreatic cancer-specific promoter is described herein and is presented in further 

detail in U.S. Provisional Patent Application 60/ , entitled "Cancer- Specific Promoters" 

by Mien-Chie Hung, Yan Li, Yong Wen, Chi-Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng 
Li, filed simultaneously herewith and incorporated by reference herein in its entirety. 

[0273] Generally, an operably linked minimal CCKAR promoter andTSTA construct (wherein 
the TSTA sequence may be Gal4VP2, for example) operably linked to WPRE regulates 
expression of mutant Bik polypeptide. The two-step transcriptional amplification (activation) 
(TSTA) sequence preferably augments the transcriptional activity of cellular promoters (Iyer, 
Wu et al. 2001; Zhang, Adams et al. 2002) such as CCKAR. In this system, the first step 
involves the tissue-specific expression of the fusion protein of GAL4-VP16 or GAL4-VP2, for 
example. In the second step, GAL4-VP16 or GAL4-VP2 in turn, drives target gene expression 
under the control of GAL4 response elements in a minimal promoter. Also, the TSTA sequence 
may comprise the G5E4T sequence (SEQ ID NO:36), as an example, which comprises five 17- 
bp GAL4 binding sites positioned 23 bases from the TAT box of the E4 gene of adenovirus 
(Carey et al., 1990). Post-transcriptional regulation of mutant Bik may also be employed in 
pancreatic cancer utilizing a regulatory element such as WPRE. Thus, a composite construct for 
pancreatic cancer-specific expression is comprised in SEQ ID NO:34, which includes at least 
CCKAR (SEQ ID NO:28), GAL4-VP2 (SEQ ID NO:30 or SEQ ID NO:33), G5E4T (SEQ ID 
NO:36), and WPRE (SEQ ID NO:29). 

[0274] In particular embodiments of the present invention, constructs are similarly generated 
comprising these or similar pancreatic-specific promoters operatively linked to a polynucleotide 
encoding a mutant Bik, followed by introduction into a mammal in need of pancreatic cancer 
therapy treatment based on analogous methods described herein. Parameters are easily 
optimized by those of skill in the art, such as delivery mode, concentration of composition, and 
so forth. 

[0275] In further embodiments of the present invention, the pancreatic cancer-specific 
element(s) is narrowed further to identify one or more smaller segments within that retain 
pancreatic cancer-specific expression activity. For example, deletion constructs may be made of 
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these respective regions, and their tissue specificity is characterized to identify the smaller 
segments that maintain the ability to direct expression in pancreatic cancer tissue. 

Prostate Cancer-Specific Expression of Mutant Bik 

[0276] A prostate cancer-specific promoter sequence is employed to control expression of a 
polynucleotide encoding a mutant Bik polypeptide. One particular but exemplary pancreatic 
cancer-specific promoter is described herein and is presented in further detail in U.S. Provisional 

Patent Application 60/ , entitled "Cancer-Specific Promoters" by Mien-Chie Hung, Yan 

Li, Yong Wen, Chi-Ping Day, Kun-Ming Rau, Xiaoming Xie, Zheng Li, filed simultaneously 
herewith and incorporated by reference herein in its entirety. In specific embodiments, a prostate 
cancer-specific promoter that regulates expression of mutant Bik in both androgen-dependent 
and androgen-independent manners is utilized. 

[0277] Generally, the hTERT promoter is operatively linked to a two-step transcriptional 
amplification (activation) (TSTA) sequence that preferably augments the transcriptional activity 
of cellular promoters (Iyer, Wu et al. 2001; Zhang, Adams et al. 2002). GAL4-VP16 fusion 
protein or GAL4-VP2 fusion protein may be utilized. In this system, the first step involves the 
tissue-specific expression of the GAL4-VP16 (or GAL4-VP2, for example) fusion protein. In the 
second step, GAL4-VP16, in turn, drives target gene expression under the control of GAL4 
response elements in a minimal promoter. The use of TSTA preferably leads to amplified levels 
of the transgene expression. The promoter further comprises ARR2 prostate-cancer specific 
element (SEQ ID NO:31). The post-transcriptional regulatory element of the woodchuck 
hepatitis virus (WPRE), which involves modification of RNA polyadenylation, RNA export, 
and/or RNA translation (Donello, Loeb et ah, 1998), is operatively linked to pARR2-hTERT- 
TSTA to produce p ARR2 .hTERTp-TSTA-mutant Bik-WPRE. In a specific aspect of the 
invention, the promoter is effective in both androgen-dependent and androgen-independent 
prostate cancers. Thus, a composite construct for prostate cancer-specific expression is 
comprised in SEQ ID NO:35, which includes at least ARR2 (SEQ ID NO:31), hTERT (SEQ ID 
NO:32), GAL4-VP2 (SEQ ID NO:30 or SEQ ID NO:33), G5E4T (SEQ ID NO:36), and WPRE 
(SEQ ID NO:29). 

[0278] In further embodiments of the present invention, the respective prostate cancer-specific 
element(s) is narrowed further to identify one or more even smaller segments within that retain 
prostate cancer-specific expression activity. For example, deletion constructs may be made of 
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these respective regions, and their tissue specificity is tested to identify the one or more smaller 
segments that maintain the ability to direct expression in prostate cancer tissue. 

EXAMPLE 12 
CLINICAL TRIALS 

[0279] This example is concerned with the development of human treatment protocols using 
the Bik mutant protein, peptide, or polypeptide or a nucleic acid encoding the Bik mutant 
protein, peptide, or polypeptides, alone or in combination with other anti-cancer drugs. The Bik 
mutant protein, peptide, or polypeptide or a nucleic acid encoding the Bik mutant protein, 
peptide, or polypeptides, and anti-cancer drug treatment will be of use in the clinical treatment of 
various cancers involving, for example, Akt activation in which transformed or cancerous cells 
play a role. Such treatment will be particularly useful tools in anti-tumor therapy, for example, 
in treating patients with ovarian, breast, prostate, pancreatic, brain, colon, and lung cancers that 
are resistant to conventional chemotherapeutic regimens. 

[0280] The various elements of conducting a clinical trial, including patient treatment and 
monitoring, will be known to those of skill in the art in light of the present disclosure. The 
following information is being presented as a general guideline for use in establishing the Bik 
mutant protein, peptide, or polypeptide or a nucleic acid encoding the Bik mutant protein, 
peptide, or polypeptides, in clinical trials. 

[0281] Patients with advanced, metastatic breast, epithelial ovarian carcinoma, pancreatic, 
colon, or other cancers chosen for clinical study will typically be at high risk for developing the 
cancer, will have been treated previously for the cancer which is presently in remission, or will 
have failed to respond to at least one course of conventional therapy. In an exemplary clinical 
protocol, patients may undergo placement of a Tenckhoff catheter, or other suitable device, in 
the pleural or peritoneal cavity and undergo serial sampling of pleural/peritoneal effusion. 
Typically, one will wish to determine the absence of known loculation of the pleural or 
peritoneal cavity, creatinine levels that are below 2 mg/dl, and bilirubin levels that are below 2 
mg/dl. The patient should exhibit a normal coagulation profile. 

[0282] In regard to the the Bik mutant protein, peptide, or polypeptide or a nucleic acid 
encoding the Bik mutant protein, peptide, or polypeptides, and other anti-cancer drug 
administration, a Tenckhoff catheter, or alternative device may be placed in the pleural cavity or 
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in the peritoneal cavity, unless such a device is already in place from prior surgery. A sample of 
pleural or peritoneal fluid can be obtained, so that baseline cellularity, cytology, LDH, and 
appropriate markers in the fluid (CEA, CA15-3, CA 125, PSA, p38 (phosphorylated and un- 
phosphorylated forms), Akt (phosphorylated and un-phosphorylated forms) and in the cells (Bik 
mutant proteins, peptides or polypeptides or nucleic acids encoding the same) may be assessed 
and recorded. 

[0283] In the same procedure, the Bik mutant protein, peptide, or polypeptide or a nucleic acid 
encoding the Bik mutant protein, peptide, or polypeptides, may be administered alone or in 
combination with the other anti-cancer drug. The administration may be in the pleural/peritoneal 
cavity, directly into the tumor, or in a systemic manner. The starting dose may be 0.5 mg/kg 
body weight. Three patients may be treated at each dose level in the absence of grade>3 toxicity. 
Dose escalation may be done by 100% increments (0.5 mg, 1 mg, 2 mg, 4 mg) until drug related 
grade 2 toxicity is detected. Thereafter dose escalation may proceed by 25% increments. The 
administered dose may be fractionated equally into two infusions, separated by six hours if the 
combined endotoxin levels determined for the lot of the Bik protein, peptide, or polypeptide or a 
nucleic acid encoding the Bik mutant protein, peptide, or polypeptides, and the lot of anti-cancer 
drug exceed 5 EU/kg for any given patient. 

[0284] The Bik mutant protein, peptide, or polypeptide or a nucleic acid encoding the Bik 
mutant protein, peptide, or polypeptides, and/or the other anti-cancer drug combination, may be 
administered over a short infusion time or at a steady rate of infusion over a 7 to 21 day period. 
The Bik mutant protein, peptide, or polypeptide or a nucleic acid encoding the Bik mutant 
protein, peptide, or polypeptides, infusion may be administered alone or in combination with the 
anti-cancer drug and/or emodin like tyrosine kinase inhibitor. The infusion given at any dose 
level will be dependent upon the toxicity achieved after each. Hence, if Grade II toxicity was 
reached after any single infusion, or at a particular period of time for a steady rate infusion, 
further doses should be withheld or the steady rate infusion stopped unless toxicity improved. 
Increasing doses of the Bik mutant protein, peptide, or polypeptide or a nucleic acid encoding the 
mutant protein, peptide, or polypeptides, in combination with an anti-cancer drug will be 
administered to groups of patients until approximately 60% of patients show unacceptable Grade 
III or IV toxicity in any category. Doses that are 2/3 of this value could be defined as the safe 
dose. 
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[0285] Physical examination, tumor measurements, and laboratory tests should, of course, be 
performed before treatment and at intervals of about 3-4 weeks later. Laboratory studies should 
include CBC, differential and platelet count, urinalysis, SMA-12-100 (liver and renal function 
tests), coagulation profile, and any other appropriate chemistry studies to determine the extent of 
disease, or determine the cause of existing symptoms. Also appropriate biological markers in 
serum should be monitored e.g. CEA, CA 15-3, p38 (phosphorylated and non-phopshorylated 
forms) and Akt (phosphorylated and non-phosphorylated forms), pi 85, etc. 

[0286] To monitor disease course and evaluate the anti-tumor responses, it is contemplated that 
the patients should be examined for appropriate tumor markers every 4 weeks, if initially 
abnormal, with twice weekly CBC, differential and platelet count for the 4 weeks; then, if no 
myelosuppression has been observed, weekly. If any patient has prolonged myelosuppression, a 
bone marrow examination is advised to rule out the possibility of tumor invasion of the marrow 
as the cause of pancytopenia. Coagulation profile shall be obtained every 4 weeks. An SMA- 
12-100 shall be performed weekly. Pleural/peritoneal effusion may be sampled 72 hours after 
the first dose, weekly thereafter for the first two courses, then every 4 weeks until progression or 
off study. Cellularity, cytology, LDH, and appropriate markers in the fluid (CEA, CA15-3, CA 
125, ki67 and Tunel assay to measure apoptosis, Akt) and in the cells (Akt) may be assessed. 
When measurable disease is present, tumor measurements are to be recorded every 4 weeks. 
Appropriate radiological studies should be repeated every 8 weeks to evaluate tumor response. 
Spirometry and DLCO may be repeated 4 and 8 weeks after initiation of therapy and at the time 
study participation ends. An urinalysis may be performed every 4 weeks. 

[0287] Clinical responses may be defined by acceptable measure. For example, a complete 
response may be defined by the disappearance of all measurable disease for at least a month. 
Whereas a partial response may be defined by a 50% or greater reduction of the sum of the 
products of perpendicular diameters of all evaluable tumor nodules or at least 1 month with no 
tumor sites showing enlargement. Similarly, a mixed response may be defined by a reduction of 
the product of perpendicular diameters of all measurable lesions by 50% or greater with 
progression in one or more sites. 
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[0289] Although the present invention and its advantages have been described in detail, it should be 
understood that various changes, substitutions and alterations can be made herein without departing 
from the spirit and scope of the invention as defined by the appended claims. Moreover, the scope of 
the present application is not intended to be limited to the particular embodiments of the process, 
machine, manufacture, composition of matter, means, methods and steps described in the 
specification. As one of ordinary skill in the art will readily appreciate from the disclosure of the 
present invention, processes, machines, manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed that perform substantially the same function or 
achieve substantially the same result as the corresponding embodiments described herein may be 
utilized according to the present invention. Accordingly, the appended claims are intended to include 
within their scope such processes, machines, manufacture, compositions of matter, means, methods, 
or steps. 



25394503.1 



93 



ER 509324339US 



